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WATER  PLANT  OPTIMIZATION  STUDY 
LAKEVIEW  WATER  TREATMENT  PLANT 

SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS 

The  purpose  of  the  Water  Plant  Optimization  Study  (WPOS)  is  to  document  and 
review  the  present  conditions  and  determine  an  optimum  treatment  strategy  for 
contaminant  removal  at  the  plant,  with  emphasis  on  the  removal  of  particulate 
materials  and  the  disinfection  processes. 

In  striving  for  excellence  in  water  treatment,  it  is  important  to  examine  all 
possible  approaches,  but  first,  optimum  use  should  be  made  of  the  processes 
already  in  place. 

This  optimization  study  is  a  beginning  and  not  an  end  to  itself;  it  is  the  start 
of  an  ongoing  documentation  of  the  operation  of  the  plant.  It  is  recommended 
that  this  document  be  updated  on  an  annual  basis. 

Considerable  strides  towards  optimization  of  the  Lakeview  Water  Treatment  Plant 
have  been  made  by  the  Ontario  Ministry  of  the  Environment  operational  staff. 
This  study  has  identified  some  areas  of  further  action  and  study. 

In  an  effort  to  optimize  particulate  removal  and  disinfection  at  the  Lakeview 
Plant,  this  study  suggests  the  following: 

PHYSICAL  IMPROVEMENTS 

Consider  a  streaming  current  monitor  system  with  separate  monitors  for 
Sections  1  and  2,  if  merits  are  proven  by  a  trial  basis. 

Install  separate  alum  feed  systems  for  each  raw  water  header. 

Install  individual  filter  effluent  turbidimeters  or  turbidity  monitoring 
stations  to  monitor  the  effluents  of  Filters  1-18. 

Re-design  the  sampling  system  to  maintain  higher  velocities  at  all  times. 

STUDIES 

Conduct  laboratory  and  pilot  tests  to  evaluate  the  relative  merits  of 
blending  and  flash  mixing. 

Conduct  laboratory  and  plant  scale  testing  to  evaluate  the  merits  of 
coagulant  aids. 


STUDIES  (cont'd) 

Conduct  a  study  to  determine  if  the  present  method  of  adding  alum  and 
fluoride  together  is  responsible  for  any  fluoride  consumption. 

Conduct  plant  scale  tests  to  compare  the  operation  of  the  various  groups  of 
flocculation  tanks. 

Conduct  sieve  and  grain  size  characterization  tests  on  each  filter  once 
every  five  years.  Measure  the  depth  of  media  each  year. 

Conduct  plant  scale  tests  to  determine  the  magnitude  of  improvement  which 
would  result  from  maintaining  lower  constant  filter  flow  rates. 

Conduct  a  study  to  investigate  the  transfer  of  chlorine  into  the  water  and 
the  bacteriological  test  procedures. 

OTHER  RECOMMENDATIONS 

Record  a  turbidity  profile  consisting  of  raw,  settled,  and  filtered 
turbidities,  on  all  filters  at  least  once  every  4  hours. 

The  Ministry  of  the  Environment  should  develop  a  surrogate  measurement  for 
chlorinated  by-products  for  use  in  water  plants  in  Ontario. 
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WATER  PLANT  OPTIMIZATION  STUDY 
LAKEVIEW  WATER  TREATMENT  PLANT 

INTRODUCTION  AND  TERMS  OF  REFERENCE 

The  Ontario  Ministry  of  the  Environment  has  instituted  a  Drinking  Water 
Surveillance  Program,  consisting  of  a  continuously  updated  data  base  of  water 
quality  information  on  Ontario  water  treatment  plants.  In  connection  with  the 
surveillance  program,  a  specific  plant  investigation  and  process  evaluation 
study  is  desired  for  each  plant  entering  the  program.  The  study  is  to  document 
and  review  the  present  operating  conditions,  and  determine  an  optimum  treatment 
strategy  for  particulate  removal  and  disinfection  at  the  plant.  The  terms  of 
reference  for  this  Water  Plant  Optimization  Study  has  been  prepared  by  the 
Ministry,  and  is  included  at  the  back  of  the  report,  following  the  appendices. 
This  optimization  study  has  been  conducted  in  accordance  with  the  terms  of 
reference  and  information  package. 

The  Lakeview  Plant  provides  the  water  supply  and  distribution  system  for  part  of 
the  City  of  Mississauga.  This  optimization  study  provides  a  detailed 
examination  of  three  years  of  daily  and  monthly  plant  operating  data,  a 
description  of  the  facilities  in  place  at  the  plant  and  their  operation,  and 
recommendations  which  could  improve  the  particulate  removal  and  disinfection 
performance  of  the  plant. 

The  Lakeview  Water  Treatment  Plant  draws  water  from  Lake  Ontario,  which 
experiences  its  worst  water  quality  during  non-summer  months  (February-April) 
when  the  raw  water  turbidity  increases.  The  plant  occasionally  experiences 
taste  and  odour  incidents,  and  practices  superchlorination  to  maintain 
acceptable  levels  in  the  distribution  system.  Generally,  the  operation  of  the 
Lakeview  plant  is  quite  good. 
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SECTION  A 

RAW  WATER  SOURCE 

A.1      General  Quality 

The  Lakeview  Water  Treatment  Plant  draws  water  from  Lake  Ontario.  The  raw  water 
quality  is  generally  good,  with  occasional  taste  and  odour  problems  and 
non-summer  seasonal  high  turbidities. 

The  Lakeview  Generating  Station  and  Lakeview  Water  Pollution  Control  Plant  are 

located  to  the  east  of  the  water  plant.  There  exists  a  potential  for 
contaminants  to  appear  in  the  raw  water,  and  higher  than  normal  ammonium 

concentrations  occur  occasionally.  The  amount  of  industrial  development  near 

the  plant  has  decreased  over  the  past  few  years,  but  again,  there  is  the 

possibility  for  industrial  contaminants,  such  as  metals,  to  be  introduced  into 
the  raw  water,  but  none  have  been  detected  to  date. 

In  the  years  1983  to  1986,  the  general  raw  water  quality  parameters  varied  as 
follows: 

Turbidity  (FTU) 
Colour  (TCU) 
Temperature  (°C) 
Hardness  (mg/L  as  CaC03) 

PH 

Aluminum  (mg/L) 

Iron  (mg/L) 

Manganese  (mg/L) 

Fecal  Coliform  (per  100  mL) 

Fecal  Streptococci  (per  100  mL) 

Standard  Plate  Count  (per  100  mL) 


*  Uncommonly  high  values  have  been  omitted  and  are  assumed  to  be  in  error. 


1.4-80 

(1) 

2-37.5 

(1) 

1-22 

(1) 

118-160 

(1) 

6.5-8.5 

(1) 

0.03-0.37 

*   (2) 

0.022-1.5 

*   (2) 

0.003-0.17 

(2) 

0->500 

(1) 

0->50 

(1) 

0->5000 

(1) 

A.1     General  Quality  (cont'd) 

Historically,  the  high  demand  period  is  from  June  to  August,  when  raw  water 

conditions  are  at  their  best.  The  raw  water  quality  parameters  shown  below  are 

divided  into  (summer)  the  high  demand  period  from  June  to  August,  and 
(non-summer)  the  worst  quality  period  from  February  to  April. 


JUN-AUG 

FEB-APR 

(Summer) 

(Non-Summer) 

Turbidity  (FTU) 

16 

65 

(3) 

Colour  (TCU) 

7.2 

7.4 

(4) 

Iron  (mg/L) 

0.19 

1.9 

(4) 

Manganese  (mg/L) 

0.01 

0.07 

(5) 

(1)  Minimum  and  maximum  daily  values  recorded  on  monthly  summary  sheets  at 
Lakeview  plant  for  the  period  January  1983  to  August  1986. 

(2)  Minimum  and  maximum  values  available  from  DWSP  for  the  period  1984  to 
1986. 

(3)  Average  of  four  worst  daily  turbidity  events  for  seasonal  period  indicated 
for  each  of  past  four  years,  i.e.  1983  to  1986. 

(4)  Average  of  daily  data  reported  on  monthly  log  sheets  for  seasonal  period 
indicated  from  1983  to  1986. 

(5)  Average  of  data  available  from  DWSP  for  indicated  seasonal  periods  from 
1983  to  1986. 

Detailed  water  quality  data  is  included  later  in  this  report,  in  Tables  2.0, 
2.1  to  2.7,  5.0,  and  5.1. 

A.2      Security 

The  Lakeview  Water  Treatment  Plant  security  measures  consist  of  keeping  all 
doors  locked  and  a  padlock  on  the  gate  leading  onto  the  property  after  working 
hours.  Should  a  spill  or  other  security  event  occur,  the  operator  would  call 
management  for  further  instruction.  The  plant  can  be  shut  down  and  the 
production  at  the  Lome  Park  Water  Treatment  Plant  increased. 
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SECTION  B 

FLOW  MEASUREMENT 

B.1  Raw 

Raw  water  flow  is  measured  by  two  914  mm  meters  (capacity  227  ML/d  each).  All 
water  leaving  the  newer  1966  low  lift  pump  house  is  metered,  whereas  water 
leaving  the  old  1952  pump  house  is  not  metered.  The  old  pump  house  is  rarely 
used. 

There  are  two  headers  leaving  the  1966  low  lift  pump  house.  They  are  known  as 
the  West  Header  and  the  East  Header.  These  headers  contain  the  following 
meters: 

West  Header    1967,  36.0"  x  26.009",  cast  iron  (CI),  short-form  Herschel  tube 
(SFHT)  -  capacity  227  ML/d  (50  MIGD)  at  2235  mm  W.C.  (88.0"). 

East  Header    1970,  36.0"  x  24.696"  CI  SFHT  -  capacity  227  ML/d  (50  MIGD)  at 
2972  mm  W.C.  (117.0"). 

The  raw  water  flow  is  totalized  continuously  in  the  control  room.  The  totalized 
flow  is  recorded  every  hour  on  the  daily  record  and  totalled  for  the  day. 

B.2     Treated 

Treated  water  is  measured  by  the  four  meters  listed  below: 

Meter  1,  Local  Flow        1960,  18.0"  x  12.371"  CI  SFHT  -  capacity  68  ML/d 

(15  MIGD),  4216  mm  W.C.  (166") 

Meter  2,  Transmission  #1    1964,  30.0"  x  20.58"  CI  SFHT  -  capacity  114  ML/d 

(25  MIGD),  1540  mm  W.C.  (60.6") 

Meter  3,  Transmission  #2     1970,  42.0"  x  30.891"  CI  SFHT  -  capacity  227  ML/d 

(50  MIGD),  1072  mm  W.C.  (42.2") 

Meter  4,  HLPS  #2  1978,  36.0"  x  26.469"  CI  SFHT  -  capacity  275  ML/d 

(50  MIGD)  at  3000  mm  W.C.  (118") 

The  treated  water  flow  is  totalized  continuously  in  the  control  room.  The 
totalized  flow  is  recorded  every  hour  on  the  daily  record  and  totalled  for  the 
day. 


B.3     Backwash 

There  are  four  backwash  pumps.  Backwash  pumps  Nos.  2-4  are  each  metered  by  a 
500  mm  venturi  insert  nozzle.  The  capacities  of  these  meters  are  approximately 
68  ML/d.  Backwash  pump  No.  1,  which  services  Filters  1-4,  does  not  have  a 
meter. 

B.4     Filters 

All  eighteen  filters  at  the  Lakeview  plant  have  separate  flow  meters.  The 
capacities  of  these  meters  are: 

Filters  1-4,  0-11.3  ML/d  (0-2.5  MIGD)  capacity,  each  meter 
Filters  5-6,  0-22.7  ML/d  (0-5  MIGD)  capacity,  each  meter 
Filters  7-10,  0-22.7  ML/d  (0-5  MIGD)  capacity,  each  meter 
Filters  11-18,  0-27.2  ML/d  (0-6  MIGD)  capacity,  each  meter 

The  filter  rates  are  set  automatically  by  a  master  filter  rate  setter,  but  can 
be  cut  back  by  a  clearwell  level  override. 

B.5     Validity 

If  there  was  no  plant  leakage  and  all  flow  meters  were  accurate,  the  raw  water 
flow  minus  the  backwash  flow  would  equal  the  treated  water  pumped  over  a  24-hour 
period,  provided  there  was  no  net  change  in  clearwell  level.  Our  review  of 
pumping  records  at  Lakeview  shows  a  problem  period  in  January,  February,  May  and 
November  of  1986,  June  and  August  -  December  1985;  January  -  May  and  October 
1984;  and  February,  March  and  May  -  December  1983,  where  the  treated  water 
numbers  were  higher  than  the  raw  water  numbers. 

The  pumping  records  do  not  indicate  the  total  extent  of  past  metering 
inaccuracies  because,  when  obvious  faulty  readings  are  noticed  by  operations 
staff,  judgement  is  used  to  adjust  the  readings  for  record  purposes.  In  an 
attempt  to  improve  the  reliability  of  flow  readings,  all  treated  water  and  raw 
water  flow  transmitters  have  been  replaced  within  the  last  year  with  Rosemount 
transmitters. 
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B.5     Validity  (cont'd) 

There  are  no  absolute  minimum  effective  capacities  for  each  venturi  meter, 
however,  unreliable  flow  measurements  are  usually  experienced  when  the  flowrate 
is  less  than  20%  of  the  meter's  rate  capacity.  All  of  the  above  mentioned 
venturi  meters  normally  operate  at  flows  greater  than  20%  of  their  rated 
capacities.  Occasionally,  the  treated  water  flow  may  fall  below  this  lower 
boundary. 

The  raw  water  and  treated  water  transmitters  are  calibrated  monthly,  on  a 
routine  basis,  and  more  often  if  the  flow  number  is  in  question.  The  venturi 
meter  primary  elements  have  not  been  inspected  recently. 

The  plant  staff  were  aware  of  flow  metering  inaccuracies  with  the  raw  water  flow 
meter  on  the  East  Header.  A  new  square  root  extractor  has  been  installed  and 
has  improved  the  raw  water  metering. 

The  per  capita  data  provided  in  Table  1.1  of  Appendix  A  reports  fairly  average 
maximum  and  minimum  daily  usages. 
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SECTION  C 

PROCESS  COMPONENTS 

C.1  General 

The  following  drawings  are  included  in  Appendix  E: 

(a)  Site  Plan 

(b)  Process  and  Piping  Diagram 

(c)  Block  Schematic 

This  section  includes  detailed  information  on  Design  Data  and  Chemical  Systems. 

This  section  also  includes  a  series  of  photographs  to  illustrate  the  major  plant 
components  and  chemical  feed  systems. 

C.2     Design  Data 

(a)     Plant  Capacity 

The  original  plant,  referred  to  as  Filters  1  and  2,  was  built  in  1952.  It 
included  flocculation,  settling,  filtration,  and  appropriate  pumping.  Since 
1952,  the  plant  has  undergone  expansions  in  1955,  1960,  1966,  and  1969.  Each 
expansion  contains  flocculation,  settling,  filtration,  and  appropriate  pumping. 

The  plant  has  evolved  in  five  stages,  starting  in  1952.  Each  stage  has 
approximately  doubled  the  size  of  the  previous  plant.  The  plant  can  be  referred 
to  by  section:  Section  1  contains  Filters  1-10  and  Section  2  contains  Filters 
11-18. 

In  May  1985,  Gore  &  Storrie  completed  a  report  on  water  plant  expansions  for 
Lakeview  and  Lome  Park  entitled,  "Report  on  Plant  Expansions  in  the  Water 
System".  For  Lakeview,  the  report  established  the  following  capacities: 


FIGURE  I 
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I    TO  SOUTH  PEEL 


(a)  Plant  Capacity  (cont'd) 

Maximum  Hydraulic  Capacity  378  ML/d  (83  MIGD) 

Process  Capacity  under  Summer  Conditons       360  ML/d  (80  MIGD) 
Process  Capacity  under  Non-Summer  Conditions   206  ML/d  (45  MIGD) 

Over  the  years,  several  other  plant  capacities  have  been  documented  for  the 
Lakeview  plant: 

Certificate  of  Approval  218  ML/d  (48  MIGD) 

MOE  Rated  Capacity  (1984)  327  ML/d  (72  MIGD) 

There  appears  to  be  some  inconsistency  in  rating  the  plant's  capacity. 

From  the  most  recent  Gore  &  Storrie  report,  the  maximum  hydraulic  capacity  of 
the  Lakeview  plant  is  approximately  380  ML/d,  and  the  average  daily  flow  is 
about  190  ML/d.  All  of  the  operating  data  presented  herein  are  based  on  flows 
of  190  and  380  ML/d  (42  and  84  MIGD). 

The  plant  operates  by  dividing  the  flow  according  to  the  capacity  of  each 
filter.  For  the  maximum  hydraulic  flow  of  380  ML/d,  each  filter  has  the 
following  capacity: 

Filters  1-4:  10  ML/d  each   (2.2  MIGD) 

Filters  5-10:  20  ML/d  each   (4.4  MIGD) 

Filters  11-18:  27.5  ML/d  each  (6.0  MIGD) 

(b)  Intake 

1952  Intake    1952,  850  m  long,  760  mm  diameter  steel  pipe,  approximate 
capacity  45  ML/d 

1962  Intake    1962,  1030  m  long,  1676  mm  diameter  concrete  pipe,  capacity 
340-410  ML/d,  depending  on  lake  level  (6-6.7  m  water  depth) 

The  1952  intake  is  not  used.  It  is  affected  by  turbid  water  conditions  in  the 
lake  to  a  greater  extent  than  the  1962  intake.  A  third,  longer  and  larger 
intake  is  currently  under  construction,  and  is  planned  to  be  in  service  by  1990. 
The  new  intake  will  provide  the  required  increased  capacity  and  allow  for  future 
expansion. 
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(c)  Surge  Well 

The  intake  pipe  terminates  in  a  concrete  surge  well  just  before  the  travelling 
water  screens.  The  surge  well  dimensions  are  11.3  m  x  3  m  x  4.9  m  deep. 

Chlorine,  alum,  and  fluoride  are  applied  into  the  surge  well  at  approximately 
the  elevation  of  the  intake  obvert.  The  three  chemicals  are  fed  through 
separate  diffusers. 

(d)  Screening 

There  are  two  travelling  water  screens  in  the  low  lift  pump  house,  each  3  m 
wide.  The  mesh  material  is  2.7  mm  diameter  copper  wire  with  9.5  mm  openings. 
Each  screen  has  a  capacity  of  225  ML/d  at  low  water  depth  of  2.13  m  and  is 
controlled  either  manually  or  automatically.  When  set  in  the  "auto"  mode, 
bubbler  tubes  detect  a  preset  differential  across  the  screen  and  activate  a  wash 
cycle. 

(e)  Low  Lift  Pumping 

There  are  two  low  lift  suction  chambers  (east  and  west)  in  the  1966  station. 

Each  is  9  m  x  6.1  m  x  4.9  m  deep  and  made  of  concrete.  There  is  one  concrete 

suction  chamber  in  the  1952  station.  Piping  connects  the  1966  west  suction 

chamber  to  the  1952  suction  chamber,  and  all  suction  chambers  can  receive  water 
from  either  intake. 

The  1952  low  lift  pumping  station  is  slowly  being  phased  out  of  operation,  and 
the  1966  station  is  approaching  its  capacity.  The  1952  station  is  only  used 
during  high  demand  periods  when  the  additional  pumping  is  required,  which  may 
occur  several  times  in  the  summer  months.  A  new  low  lift  pumping  station  is  in 
the  planning  stage. 


-8- 


(e) 


Low  Lift  Pumping  (cont'd) 


The  following  low  lift  pumps  are  installed: 


PUMPS 


NO. 


TYPE 


CAPACITY 
(ML/d) 


HEAD 
(in) 


POWER 
(kW) 


MANUFACTURER 


1952  Station 


Electric 
Electric 


13.6  ea. 
27.2 


12.2 
11.9 


22.5  ea. 
45 


Fairbanks-Morse 
Worthington 


1966  Station 


Electric 
Electric 
Electric 
Electric 


57.0 
57.0 
95.0  ea. 
95.0 


13.7 
13.7 
12.2 
13.7 


112 
112 

187  ea. 
187 


Worthington 
Worthington 
Worthington 
Worthington 


TOTAL  INSTALLED 
FIRM  CAPACITY 


548 
453 


(f) 


Flash  Mixing 


There  is  no  flash  mixing  at  Lakeview.  The  turbulence  of  the  surge  well  is  used 
to  blend  the  chemicals  into  the  raw  water. 


(g) 


Flocculation 


All  flocculation  tanks  are  hydraulic  spiral  flow  and  are  made  of  concrete. 

Flocculation  tanks  for  Filters  1  to  4  consist  of  16  tanks,  2.87  m  x  2.87  m  x  4.6 
m  deep  each,  with  four  sets  of  four  cells  (Cells  1-2  in  series;  Cells  3-4  in 
parallel).  The  total  volume  of  the  flocculation  tanks  is  606  m3. 

Flocculation  tanks  for  Filters  5  to  6  consist  of  six  tanks,  5.25  m  x  5.2  m  x  4.9 
m  deep  each,  with  one  set  of  six  cells  (3-stage  flocculation).  The  total  volume 
of  the  flocculation  tanks  is  803  m3. 

Flocculation  tanks  for  Filters  7  to  10  consist  of  12  tanks,  5.25  m  x  5.2  m  x  4.9 
m  deep,  with  two  sets  of  six  cells  (3-stage  flocculation).  The  total  volume  of 
the  flocculation  tanks  is  1605  m3. 
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(g) 


Flocculation  (cont'd) 


Flocculation  tanks  for  Filters  11  to  18  consist  of  18  tanks,  5.9  m  x  5.9  m  x  5  m 
deep  each,  with  six  sets  of  three  cells  (3-stage  flocculation).  The  total 
volume  of  the  flocculation  tanks  is  3133  m3. 

The  total  retention  times  in  the  various  flocculation  tanks  for  the  maximum  and 
average  flow  conditions  are  summarized  below: 


FLOCCULATION  !  T0TAL  PLANT  FL0W  =  38°  ML/d   T0TAL  PLANT  FL0W  =  190  ML/d 

ftitfr  npin    Filter  Flow  ,  Flocculation   i  Filter  Flow  ,  Flocculation 
riLitK  nui.      (ML/d)      Time  (min>)      (ML/(j^     Time  ^min^ 

1-4          10          22            5          44 

5-10         20          29            10          58 

11-18         27.5        20            13.75        40 

The  mixing  velocity  gradients  in  the  flocculation  tanks  have  been  estimated 
based  on  a  mixing  energy  input  equivalent  to  the  loss  of  momentum  of  the  water 
entering  the  tanks.  This  is  a  conservative  estimate  of  the  total  mixing,  since 
other  energy  losses  occur  during  passage  of  the  water  from  one  tank  to  another. 
From  previous  hydraulic  design  experience,  this  additional  mixing  energy  could 
result  in  G  values  which  are  as  much  as  25  percent  higher.  The  actual  energy 
loss  can  be  obtained  from  precise  hydraulic  tests. 

Useful  flocculation  velocity  gradients  range  from  100  to  <10  sec-1.  A  "tapered" 
of  stepped  series  should  be  used;  the  highest  mixing  is  provided  initially, 
progressing  through  a  series  of  cells  of  decreasing  mixing  levels. 
Additionally,  the  dimensionless  parameter,  Gt,  which  is  the  product  of  velocity 
gradient  and  the  duration  of  mixing,  is  a  most  useful  parameter  which  usually 
must  have  values  within  the  range  of  101*  to  105. 
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(g)     Flocculation  (cont'd) 


Estimated  Velocity  Gradients  at  10°C. 

TOTAL  PLANT  FLOW 
190  ML/d        380  ML/d 

Filters  1-4        20  ML/d         40  ML/d 

Cell  1         G  =  43.5  s"1  G  =  123  s"1 

Cell  2         G  =  13.1  s"1  G  =  37  s_1 

Cells  3-4       G  =  6.0  s"1  G  =  17  s"1 

Overall        Gt  =  4.5  x  10"  Gt  =  6.4  x  10' 


Filters  5-6        20  ML/d  40  ML/d 

Cell  1  G  =  36.4  s"1  G  =  103  s"1 

Cells  2-3  G  =  10.6  s  J  G  =  30  s"1 

Cells  4-6  G  =  4.6  s"1  G  =  13  s"1 

Overall  Gt  =  4.1  x  10"  Gt  =  5.9  x  10' 


Filters  7-10  40  ML/d  80  ML/d 

Cell  1  G  =  29.3  s"1  G  =  83  s"1 

Cells  2-3  G  =  7.1  s  x  G  =  20  s"1 

Cells  4-6  G  =  3.5  s  '  G  =  10  s"1 

Overall  Gt  =  3.1  x  10"  Gt  =  4.4  x  10' 


Filters  11-18 

110  ML/d 

220  ML/d 

Cell  1-2 
Cells  3-4 
Cells  5-6 

G 
G 
G 

=  20.5  s"1 
=  8.1  s"1 
=  5.0  s"1 

G  =  58  s"1 
G  =  23  s  l 
G  =  14  s"1 

Overall        Gt  =  2.7  x  10"    Gt  =  3.8  x  10" 

In  Gore  &  Storrie's  opinion,  the  G  values  obtained  at  both  the  average  and 
maximum  flow  conditions  will  provide  sufficient  mixing  for  good  floe  formation. 
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(h)     Settling  Tanks 

The  settling  tanks  are  concrete  gravity  sedimentation  basins.  The  long  and 
narrow  basins  should  operate  at  overflow  rates  less  than  the  settling  velocity 
of  floe  particles,  thereby  allowing  the  floe  to  settle  and  be  removed  from  the 
process  stream.  With  high  turbidity  conditions,  the  removal  efficiency  of  these 
tanks  improves. 

Settling  tanks  for  Filters  1  to  4  consist  of  four  tanks,  19.2  m  x  5.9  m  x  4.75  m 
deep  each.  The  total  volume  and  surface  area  of  the  settling  tanks  are  2150  m3 
and  455  m2,  respectively.  Each  settling  tank  influent  consists  of  four  250  mm  x 
300  mm  ports.  Each  port  has  a  900  mm  x  750  mm  timber  baffle  to  prevent  short 
circuiting.  Each  settling  tank  has  three  250  mm  diameter  x  2.44  m  long  settled 
water  collection  launders  which  contain  a  63  mm  x  2  m  slot. 

Settling  tanks  for  Filters  5  to  10  consist  of  three  tanks,  26.3  m  x  16.2  m  x  5.2 
m  deep  each.  The  total  volume  and  surface  area  of  the  tanks  are  6650  m3  and 
1280m2,  respectively.  Each  settling  tank  is  fed  from  a  flocculated  water 
conduit  via  twelve  300  mm  x  363  mm  ports.  Each  port  has  a  900  mm  x  900  mm 
timber  target  baffle.  Each  settling  tank  has  six  350  mm  x  213  mm  long  settled 
water  collection  launders  which  contain  a  100  mm  x  2  m  slot. 

Settling  tanks  for  Filters  11  to  18  consist  of  three  tanks,  46.6  m  x  11.7  m  x 
5.3  m  deep  each.  The  total  volume  and  surface  area  of  the  tanks  are  8670  m3  and 
1635m2,  respectively.  Each  settling  tank  is  fed  from  a  flocculated  water 
conduit  via  ten  675  mm  x  500  mm  ports.  A  continuous  900  mm  concrete  baffle  is 
located  600  mm  in  front  of  the  ports.  Each  settling  tank  has  two  6.1  m  x  0.9  m 
x  1.2  m  deep  concrete  settled  water  collection  troughs  which  contain  twenty  225 
mm  holes. 
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(h) 


Settling  Tanks  (cont'd) 


The  retention  times  and  overflow  rates  in  the  settling  tanks  for  the  maximum  and 
average  flow  conditions  are  summarized  below: 


I  SEDIMENTATION 

TOTAL  PLANT 

FLOW 

=  380  ML/d 

TOTAL  PLANT 

FLOW 

=  190  ML/d 

I  TANKS  FOR 
1  FILTER  NOS. 

Retention 
Time  (min) 

Overflow  Rate 
(m/h) 

Retention 
Time  (min) 

Overflow  Rate 
(m/h) 

1-4 

77 

3.7 

154 

1.85 

5-10 

80 

3.9 

160 

1.95 

11-18 

57 

5.6 

114 

2.8 

(i) 


Filters 


Lakeview  has  18  filters  in  total  (of  varying  sizes).  The  filters  have  been 
built  in  five  different  stages  from  1952  to  1969.  The  information  on  filter 
media  is  based  on  the  drawings  and  specifications,  and  has  not  been  verified  by 
field  measurements  during  this  study. 

All  filter  boxes  are  constructed  of  concrete. 

All  filters  at  Lakeview  are  dual-media,  are  constant-rate,  and  have  surface 
agitators.  The  filters  have  constant  rate  controllers  with  clearwell  level 
override. 
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(i)  Filters  (cont'd) 

FILTERS   1-2   (1952) 


W  (m) 

L  (m) 

D  (m) 

SURFACE 
AREA  (m2) 

GROSS 
VOL.  (m3) 

NET 
VOL.  (m3) 

Individual 

4.9 

9.8 

2.3 

48.02 

110.4 

80 

Total 

- 

- 

- 

96.04 

220.8 

160 

NOTES: 


(1)  Media  depth  is  1.118  m,  made  up  as  follows: 


SIZE 

(mm) 

ES 
(mm) 

UC 

DEPTH 
(m) 

Anthracite 

- 

* 

* 

0.254 

#2  Sand 

- 

* 

* 

0.381 

#1  Sand 

* 

- 

- 

0.051 

Gravel 

* 

- 

- 

0.381 

(3)  *  Information  is  not  available  from  original  plans  and  specifications, 
Anthracite,  sand,  and  gravel  depths  are  uncertain. 

(4)  Filters  1  and  2  have  Miller  block  underdrains. 
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(i)  Filters  (cont'd) 

FILTERS  3-4   (1955) 


U  (m\        I  tm\        n  fm\         SURFACE      GROSS        NET 
W  (m)   L  (m)  j  D  (in)  j  AREA  (m2)   VQL>  (j|1)   m>  (|n3) 

Individual    5.2    9.8    2.3     50.96      117.2        85 

Total                     -     101.92      234.4       170 

NOTES: 


(1)  Media  depth  is  approximately  1.118  m,  made  up  as  follows: 


SIZE 

ES 

DEPTH 

(mm) 

(mm) 

UC 

in) 

Anthracite 

- 

* 

* 

0.305 

Sand 

* 

* 

* 

0.432 

Gravel 

* 

- 

_ 

0.381 

(2)  *  Information  is  not  available  from  original  plans  and  specs. 
Anthracite,  sand,  and  gravel  depths  are  uncertain. 

(3)  Filters  3  and  4  have  Miller  block  underdrains. 
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(i)     Filters  (cont'd) 
FILTERS  5-6  (1960) 

1  W  (m) 

L  (m) 

D  (m) 

SURFACE 
AREA  (m2) 

GROSS 
VOL.  (m3) 

NET 
VOL.  (m3) 

1  Individual    7.0 

14.0 

2.3 

98 

225.4 

166 

1  Total 

- 

- 

196 

450.8 

332 

NOTES: 

(1)  Media  depth  is  1.118  m,  made  up  as  follows: 


SIZE 

(mm) 

ES 

(mm) 

UC 

DEPTH 
(m) 

Anthracite 

0.71 

H.7 

0.305 

#2  Sand 

0.50- 
0.55 

1.2- 
1.4 

0.457 

#1  Sand 

1.19- 

2.38 

0.076 

Gravel 

2.38- 
6.35 

0.076 

Gravel 

6.35- 
12.7 

0.076 

Gravel 

12.7- 

19.1 

0.102 

(2)  Media  depth  information  obtained  from  original  plans  and  specifications, 
and  has  not  been  confirmed  recently  by  field  inspection. 

(3)  Filter  5  and  6  have  Leopold  clay  tile  underdrains. 
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(i)  Filters  (cont'd) 

FILTERS  7-10   (1966) 


W  (m) 

L  (m) 

D  (m) 

SURFACE 
AREA  (m2) 

GROSS 
VOL.  (m3) 

NET 
VOL.  (m3) 

i  Individual 

7.0 

14.0 

2.3 

98 

225.4 

166 

1  Total 

- 

- 

- 

392 

901.6 

664 

NOTES: 


(1)  Media  depth  is  1.067  m,  made  up  as  follows: 


SIZE 
(mm) 

ES 

(mm) 

uc 

DEPTH 
(m) 

Anthracite 

0.71 

H 

.75 

0.305 

#2  Sand 

0.50- 
0.55 

l 
1 

.2- 

.4 

0.432 

#1  Sand 

1.19- 
2.38 

0.076 

Gravel 

2.38- 

6.35 

0.076 

Gravel 

6.35- 
12.7 

0.076 

Gravel 

12.7- 
19.1 

0.102 

(2)  Media  depth  information  obtained  from  original  plans  and  specifications, 
and  has  not  been  confirmed  recently  by  field  inspection. 

(3)  Filters  7  to  10  have  have  Leopold  clay  tile  underdrains. 
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(i)  Filters  (cont'd) 

FILTERS  11-18   (1969) 


W  (m) 

L  (m) 

D  (m) 

SURFACE 
AREA  (m2) 

GROSS 
VOL.  (m3) 

NET 
VOL.  (m3) 

i  Individual 

7.0 

14.0 

2.3 

98 

225.4 

166 

1  Total 

- 

- 

- 

784 

1803.2 

1328 

NOTES: 


(1)  Media  depth  is  1.067  m,  made  up  as  follows: 


SIZE 
(mm) 

ES 

(mm) 

I 

JC 

DEPTH 

Anthracite 

0.9 

H 

.7 

0.305 

#2  Sand 

0.50- 
0.55 

1 
1 

.2- 

.4 

0.432 

#1  Sand 

1.19- 
2.38 

0.076 

Gravel 

2.38- 
6.35 

0.076 

Gravel 

6.35- 
12.7 

0.076 

Gravel 

12.7- 
19.1 

0.102 

(2)  Media  depth  information  obtained  from  original  plans  and  specifications, 
and  has  not  been  confirmed  recently  by  field  inspection. 

(3)  Filters  11  to  18  have  Leopold  clay  tile  underdrains. 
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(i) 


Filters  (cont'd) 


Influent  Turbidity  Range  (FTU) 


Influent  Turbidity  Range  (FTU) 


Effluent  Turbidity  Range  (FTU) 


Length  of  Run 


0.67-71  (bi-hourly  readings).  These  readings 
obtained  by  operators  taking  grab  samples  of 
settled  water  every  two  hours  and  measuring 
turbidity  in  the  lab  using  a  Hach  2100A. 


0.8-12.1.   Based   on 
bi-hourly  readings. 


daily   average   of 


0.15-2.3.  Based  on  daily  average  of 
bi-hourly  readings.  These  readings  obtained 
by  operators  taking  samples  of  treated  water 
from  a  continuously  running  tap  in  the  lab 
and  measuring  turbidity  in  the  lab  using  a 
Hach  2100A. 

50-55  hours,  based  on  summer  raw  water 
quality  and  average  flows.  A  severe 
reduction  of  the  length  of  run  occurs  under 
high  demand  or  poor  raw  water  conditions 
(12-24  hour  runs).  These  conditions  are 
discussed  in  later  sections  of  this  report. 


Headloss  (Clean  Bed/Dirty  Bed)    0.6-1.83  m 


Flowrate 


Total 
Flow 

380  ML/d 
190  ML/d 


Filters 
1-2 

8.7  m/h 
4.4  m/h 


Filtration  Rate 


Filters 
3-4 

8.2  m/h 
4.1  m/h 


Filters 
5-10 

8.5  m/h 
4.3  m/h 


Filters 
11-18 


11.7 
5.9 


m/h 
m/h 


Backwash  Flow 


Filters  1-2 
Filters  3-4 


high  15.8  m/h 
high  14.8  m/h 


Filters  5-18   low  15.4  m/h 

high  27.6  m/h  (one  pump) 
*  high  44.4  m/h  (two  pumps) 


Water  Filtered/Cycle 


68-235  m3/m2  range 


Backwash  Water/Wash 


4.6  m  /m2  average 


*  Higher  rate  is  used  if  filter  is  not  cleaned  with  the  single  pump  high  rate 
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(i) 


Filters  (cont'd) 


The  backwash  water  system  consists  of  the  following  pumps: 


P^MP  |   TYPE   !  CECITY  J  HEAD  j  MANUFACTURER 
NO.             (ML/d)    (m) 

1  1  Electric  1   45.9     7.0  I  Fairbanks-Morse 

2  1  Electric  1   78.1   1  11.0  1  Fairbanks-Morse 

3  1  Electric  1   64.9   1  12.2  1  Worthington 

4  I  Electric  1   64.9   1  12.2  1  Worthington 

Pump  No.  1  draws  water  from  the  clearwell  below  Filters  1-4;  pump  No.  2  draws 
water  from  the  clearwell  below  Filters  5-10;  pump  No.  3  draws  water  from  the 
Filter  5-10  clearwell  inlet  (common  chemical  application  point);  and  pump  No.  4 
draws  water  from  the  clearwell  below  Filters  11-18. 

The  backwash  procedure  is  outlined  in  Appendix  B  and  is  a  manual  operation.  The 

backwash  flow  from  each  pump  is  controlled  by  a  rate  control  valve,  and  the 

metering  is  discussed  in  Section  B.3.  The  backwash  rates  are  not  ramped  to  the 
maximum,  and  following  a  wash,  filter  to  waste  is  not  practiced. 

All  filters  are  equipped  with  surface  agitators,  which,  in  general,  operate  at 
flows  of  1.8  m/h  at  the  plant  service  water  pressure. 


(j) 


Clearwells 


All  clearwells  and  reservoir  are  constructed  of  concrete. 


Clearwells  under  Filters  1-4 
"   Filters  5-6 
Filters  7-10 
"   Filters  11-18 

Reservoir 

TOTAL 


0.38  ML 
0.67  ML 
1.40  ML 
3.10  ML 
3.50  ML 

9.05  ML  (2  MIGD) 


The  relative  configuration  of  the  clearwells  and  reservoir  is  shown  in  the  site 
plan  in  Appendix  E.  All  clearwells  are  interconnected  via  piping  and  valves. 
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(j)    Clearwells  (cont'd) 

The  common  application  point  for  ammonia  and  sulphur  dioxide  is  highlighted  in 
the  Process  and  Piping  Diagram  included  in  Appendix  E. 


(k) 


High  Lift  Pumping 


Both  the  1963  and  the  1978  high  lift  pumping  stations  have  concrete  pipe  as 
suction  headers. 

All  pumps  are  horizontal  centrifugal,  4160  V. 


PUMPS 

NO. 

TYPE 

CAPACITY 
(ML/d) 

HEAD 
(■) 

POWER 
(kW) 

MANUFACTURER 

1963  Station 

1 
1 
1 
2 

1 

Electric 
Electric 
Electric 
Electric 
Electric 

27.2 
45.4 
63.6 
63.6  ea. 
90.9 

74.7 
74.7 
85.4 
76.2 
76.2 

299 
522 

783 
672 
896 

Worthington 

DeLaval 

DeLaval 

DeLaval 

DeLaval 

1978  Station 

2 

Electric 

90.9 

76.2 

1007 

DeLaval 

TOTAL 
FIW 

INSTALLED 
1  CAPACITY 

536.1 
445.2 

The  firm  capacity  assumes  the  loss  of  the  largest  pump. 


(1) 


Backwash  Treatment 


Presently,  the  plant  has  no  waste  treatment  facilities.  During  a  backwash,  the 
waste  water  is  drained  directly  into  Lake  Ontario  through  a  discharge  at  the 
shoreline.  The  Filter  1-4  backwash  water  volume  is  approximately  180,000  L,  and 
the  Filter  5-18  washwater  volume  is  approximately  450,000  L. 


(m) 


Sludge  Disposal 


The  settling  tank  sludge  is  also  drained  into  Lake  Ontario  through  the  discharge 
at  the  shoreline.  The  tanks  are  manually  cleaned  by  draining  the  entire  tank 
volume  and  removing  the  sludge  with  hoses.  The  tanks  are  cleaned  twice  a  year, 
in  the  spring  and  fall. 
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C.3     Chemical  Systems 
(a)     Disinfectant 

Chlorine  is  stored  as  a  liquid  in  0.9  tonne  cylinders. 

Application  points: 

Pre-     Intake  surge  well  (before  travelling  water  screens) 

Post-    Filter  5-10  clearwell  inlet  (at  common  chemical  application  point) 

Equipment: 

Pre-     1  -  2727  kg/d  evaporator 

4  -  905  kg/d  gas  chlorinators  -  used  for  pre-  or  post-application 

2  -  scales,  each  holds  two  0.9  tonne  cylinders 

1  -  analyser 

Post-    4  -  905  kg/d  gas  chlorinators  -  used  for  pre-  or  post-application 

2  -  analysers,  one  for  free  and  one  for  total  chlorine  residuals 

The  chlorine  storage  room  is  located  at  the  north  end  of  the  low  lift  pumping 
station.  The  storage  room  has  space  for  20  one  tonne  chlorine  cylinders  and  7 
one  tonne  sulphur  dioxide  cylinders.  The  storage  space  is  completely 
utilized. 

There  is  a  chlorine  air  detection  alarm  system  installed  in  the  storage  room, 
capable  of  detecting  1.0  ppm  Cl2-  An  alarm  is  set  to  activate  a  potassium 
hydroxide  spray  scrubbing  system  if  the  ambient  chlorine  concentration  exceeds 
1.0  ppm  CI2-  A  suction  header  at  the  floor  elevation  withdraws  chlorine  laden 
air  and  introduces  it  into  the  K(0H)2  scrubbing  system. 

The  total  chlorine  feed  rate  of  3636  kg/day  results  in  a  maximum  dosage  of  9.6 
and  19.1  mg/L  for  380  and  190  ML/d,  respectively.  The  total  chlorine  dosage 
ranged  from  1.4  to  7.1  mg/L.  Post-chlorination  capabilities  are  available, 
however,  the  plant  presently  practices  the  superchlorination  process  all  year 
round  and,  therefore,  post-chlorine  is  not  added.  The  superchlorination  process 
has  been  implemented  to  combat  taste  and  odour  incidents. 
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(a)  Disinfectant  (cont'd) 

The  pre-chlorine  dosage  is  flow  paced  on  the  raw  water  flow  signal  and  is 
residual  controlled  (compound  loop).  A  free  chlorine  residual  of  1.5-2.0  mg/L 
is  maintained  in  the  low  lift  pump  header,  as  measured  by  a  Wallace  &  Tiernan 
continuous  chlorine  analyzer.  The  chlorine  analyzer  signal  is  used  to  control 
the  chlorine  dosage.  The  chlorine  dosage  can  also  be  operated  on  manual 
control,  where  a  fixed  chlorine  dosage  is  flow  paced  into  the  raw  water. 

To  change  the  chlorine  application  point  from  pre  to  post,  manual  valve 
adjustments  are  made. 

(b)  Coagulant 

Liquid  alum  is  stored  in  two  PVC-lined  concrete  storage  tanks.  The  capacities 
are  36,300  L  and  45,400  L.  The  tanks  are  located  in  the  north  end  of  the  low 
lift  pumping  station  basement. 

Alum  is  fed  with  either  a  dual-head  diaphragm  metering  pump  or  via  an  ejector, 
depending  on  the  quantity  of  alum  required. 

The  pump  is  used  for  smaller  quantities  of  alum.  The  pump  is  a  Wallace  & 
Tiernan  Model  A-748-018  dual-head  metering  pump  with  a  capacity  of  1.6  L/min. 
The  control  is  constant  speed  with  a  step  pulley  and  has  manual  stroke 
adjustment  (not  flow  paced).  The  pump's  maximum  dosage  capacity  available  is 
3.94  and  7.9  mg/L  for  380  and  190  ML/d,  respectively. 

The  ejector  system  has  two  9.09  L/min  ejectors,  and  their  control  is  manual. 
The  ejector  system  is  used  whenever  the  alum  demand  is  higher  than  can  be 
handled  by  the  metering  pump.  The  ejector  system's  maximum  dosage  capacity 
available  is  44.8  and  89.6  mg/L  for  380  and  190  ML/d,  respectively. 

The  application  point  is  in  the  intake  surge  well  (before  the  travelling  water 
screens).  The  alum  dosage  ranged  from  0.65  to  45.7  mg/L  during  the  study 
period. 
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(c)  Fluoridation 

Fluoride  is  added  in  the  form  of  hydrof luosilicic  acid.  The  acid  is  stored  in 
one  36,000  L  PVC-iined  wood  stave  tank. 

There  are  two  Wallace  &  Tiernan  Model  44-113  manual  stroke,  flow  (speed)  paced 
metering  pumps.  The  speed  is  flow  paced  on  the  raw  water  signal.  The  stroke  of 
the  metering  pump  is  manually  adjusted  (periodically)  to  obtain  a  residual  of 
1.0  mg/L  F-  in  the  plant  effluent,  as  measured  by  a  Wallace  &  Tiernan  continuous 
fluoride  analyzer. 

The  maximum  capacities  of  the  fluoride  metering  pumps  are  1890  L/d  each.  The 
maximum  dosage  capacity  available  with  both  pumps  operating  is  2.4  and  4.8  mg/L 
for  380  and  190  ML/d,  respectively.  The  fluoride  dosage  ranged  from  0.39  to 
2.0  mg/L,  with  monthly  average  dosages  ranging  from  0.82  to  1.27  mg/L. 

The  fluoride  application  point  is  in  the  intake  surge  well  (before  the 
travelling  water  screens). 

(d)  Dechlorination 

Sulphur  dioxide  is  stored  as  a  liquid  in  0.9  tonne  cylinders. 

The  application  point  is  at  the  Filter  5-10  clearwell  inlet  (common  chemical 
application  point). 

Equipment: 

1  -  2727  kg/d  evaporator 

2  -  870  kg/d  sulphonators 

1  -  scale  for  two  0.9  tonne  cylinders^ 

1  -  chlorine  analyser  for  compound  loop  control  of  sulphur 
dioxide  feed  based  on  chlorine  residual 

The  sulphur  dioxide  dosage  is  flow  paced  on  the  raw  water  flow  signal  and  is 
residual  controlled  (compound  loop).  A  total  chlorine  residual  of  1.0  mg/L  is 
maintained  just  downstream  of  the  common  chemical  application  point,  as  measured 
by  a  Wallace  &  Tiernan  continuous  chlorine  analyzer.  The  chlorine  analyzer 
signal  is  used  to  control  the  sulphur  dioxide  dosage. 
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(d)  Dechlorination  (cont'd) 

The  total  sulphur  dioxide  feed  rate  of  1740  kg/d  results  in  a  maximum  dosage  of 
4.6  and  9.2  mg/L  for  380  and  190  ML/d,  respectively.  The  sulphur  dioxide  dosage 
ranged  from  0.02  to  1.5  mg/L.  The  Lakeview  plant  adds  approximately  1  mg/L  SO2 
for  each  mg/L  reduction  in  chlorine  residual. 

(e)  Chloramination 

Chloramination  is  practiced  year  round  at  the  Lakeview  plant. 

Ammonia  is  stored  as  aqua  ammonia  in  a  3600  L  bulk  storage  tank.  Ammonia  is  fed 
from  a  900  L  day  tank  on  a  scale. 

The  ammonia  is  metered  by  two  Wallace  &  Tiernan  Model  44-112  metering  pumps  with 
maximum  capacities  of  500  L/d  each.  The  pumps  have  a  manual  stroke  adjustment 
for  dosage,  and  the  speed  is  flow  paced  from  the  raw  water  flow  signal.  The 
maximum  dosage  capacity  available  with  both  metering  pumps  operating  is  0.8  and 
0.4  mg/L  for  380  and  190  ML/d,  respectively. 

The  ammonia  dosage  ranged  from  0.01  to  0.62  mg/L.  The  Lakeview  plant  adds 
approximately  0.2  mg/L  NH3  for  each  mg/L  of  free  chlorine  residual. 

The  application  point  is  at  the  Filters  5-10  clearwell  inlet  (common  chemical 
application  point). 

C.4     Standby 

The  Lakeview  Water  Treatment  Plant  has  one  75  kW  standby  diesel  generator.  In 
the  event  of  a  power  failure,  the  generator  provides  lighting  to  the  control 
room,  low  lift  pumping  station,  filter  gallery,  and  old  high  lift  pumping 
station.  Battery  operated  emergency  lighting  is  provided  to  the  laboratory  and 
new  high  lift  pumping  station. 

During  a  power  failure,  the  Lakeview  plant  does  not  treat  any  water.  When  the 
plant  loses  power,  the  filter  rate  control  valves  are  closed. 
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C.4     Standby  (cont'd) 

An  uninterrupted  power  supply  is  provided  to  the  control  room  computers  by  a  4 
hour  battery  source.  If  the  power  outage  is  longer,  the  batteries  are  recharged 
by  the  generator. 

C.5     Photographs 

Following  is  a  series  of  photographs  which  illustrate  major  components  and 
chemical  feed  systems. 
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PLANT  ENTRANCE 
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FILTER  AND  ADMINISTRATION  BUILDINGS 


PARK  CONSTRUCTION  SOUTH  OF  PLANT 
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TRAVELLING  WATER  SCREEN 


LOW  LIFT  PUMP  MOTORS 
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LOW  LIFT  PUMPS 


LOW  LIFT  PUMPING  STATION  CONTROL/INDICATOR  PANEL 
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FLUORIDE  PUMPS 


ALUM  METERING  PUMP 


•31- 


HYDROFLUOSILICIC  ACID  STORAGE  TANK 
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CHLORINATOR 


CHLORINE  CYLINDERS  AND  WEIGH  SCALES 
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ROOF  OVER  FLOC  AND  SETTLING  TANKS 


FILTER 
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FILTER  GALLERY 


FILTER  CONTROL  PANEL 
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AMMONIA  STORAGE  TANK 
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SULPHONATOR 


SULPHUR  DIOXIDE  CYLINDER  SCALE 
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AQUA  AMMONIA  DAY  TANK  SCALE 


HIGH  LIFT  PUMPING  STATION  AND  FILTERS 
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HIGH  LIFT  PUMPS 


X    I 


1978  HIGH  LIFT  PUMPING  STATION 
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CONTINUOUS  TURBIDITY  METER  -  MONITORS  DISCHARGE  MAIN 


CONTINUOUS  RAW  WATER  TURBIDITY  METER 
MONITORS  SURGE  (INTAKE)  WELL 
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CHLORINE  RESIDUAL  RECORDER  -  MONITORS  DISCHARGE  MAIN 
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FLUORIDE  RESIDUAL,  TURBIDITY,  AND  CHLORINE  RESIDUAL 
INDICATOR  PANEL  LOCATED  IN  LAB 


OPERATOR'S  VDT 
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LABORATORY 
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SECTION  D 
PLANT  OPERATION 


SECTION  D 
PLANT  OPERATION 

D.I  Description 

(a)  General 

Although  the  control  room  at  the  Lakeview  Water  Treatment  Plant  suggests  that 
the  plant  is  very  automated,  most  of  the  computers  are  used  for  distribution 
system  control.  Low  lift  pump  operation,  filter  backwashing,  chemical  dosage 
selection,  and  high  lift  pump  operation  are  some  of  the  plant  operations  that 
are  manually  controlled.  The  Lakeview  plant  intends  to  automate  most  of  the 
process  control  in  the  future,  and  the  pending  filter  expansion  includes  many 
automated  systems. 

(b)  Flow  Control 

RAW  WATER 

The  four  raw  water  rate  control  systems  serve  Filters  1-4,  Filters  5-6,  Filters 
7-10,  and  Filters  11-18.  The  oldest  filters  are  not  often  used  but  can  be 
cross-fed  from  various  raw  water  headers.  It  is  only  the  newest  rate  control 
system  for  Filters  11-18  that  has  a  high  and  low  valve  position  alarm  to  alert 
the  plant  operators  regarding  starting  and  stopping  low  lift  pumps;  the 
assumption  being  that,  if  the  raw  water  control  valve  for  Filters  11-18  is 
beyond  its  control  range,  then  the  other  two  raw  water  control  valves  will  also 
be  outside  their  respective  control  ranges. 

The  relative  flow  through  the  filters  affects  the  water  level  in  the  settled 
water  conduits.  There  are  four  settled  water  level  transmitters  and  four  raw 
water  rate-of-flow  control  valves.  Each  settled  water  level  transmitter  is  in  a 
closed  loop  with  its  respective  raw  water  rate-of-flow  control  valve.  The  raw 
water  rate  control  valves  modulate  to  maintain  the  settled  water  level  within  a 
150  mm  band. 
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(b)  Flow  Control  (cont'd) 

The  plant  operators  are  alerted  to  the  need  for  a  pumping  increase  based  on  a 
raw  water  control  valve  position  alarm.  At  70%  open,  an  alarm  sounds  in  the 
main  control  room,  and  an  operator  responds  by  going  to  the  low  lift  pumping 
station  to  start  an  additional  low  lift  pump.  If,  on  the  other  hand,  the  demand 
on  the  filters  decreases,  the  settled  water  level  rises,  causing  the  raw  water 
control  valve  to  throttle  back.  When  this  valve  reaches  approximately  20%  open, 
an  alarm  sounds,  and  a  low  lift  pump  should  be  turned  off. 

HIGH  LIFT  PUMPING 

The  level  of  the  Silverthorn  Reservoir,  located  on  Bloor  Street  in  the 
distribution  system,  is  monitored  at  the  Lakeview  plant.  When  it  falls  below  a 
prescribed  level,  additional  high  lift  pumps  are  manually  turned  on  by  the  plant 
operator  to  ensure  that  this  reservoir  remains  nearly  full.  The  reservoir  is 
normally  50  to  80%  full,  however,  during  daily  peak  demand  periods,  the  tank 
level  often  drops  below  the  prescribed  level  resulting  in  additional  high  lift 
pumping.  The  filter  operator  is  then  advised  by  the  senior  operator  to  set  the 
filter  rate  controllers  to  accommodate  the  demand  from  the  high  lift  pumps. 

(c)  Filter  Backwashing 

The  main  criteria  for  initiating  backwash  procedures  at  Lakeview  is  filter 
headloss.  A  filter  is  usually  backwashed  when  the  headloss  reaches  1.83  m  (6 
ft.).  The  filters  do  not  have  individual  turbidimeters;  therefore,  turbidity 
breakthrough  is  not  used  as  a  criteria  for  backwashing  a  specific  filter. 

A  copy  of  the  backwashing  procedure  followed  at  Lakeview  is  included  in  Appendix 
B.  The  written  backwash  procedure  does  not  describe  how  or  when  the  clean 
filter  is  to  be  returned  to  filtering  service.  To  minimize  filter  effluent 
turbidity  spikes  upon  restarting  a  clean  filter,  it  is  recommended  that  the 
filter  be  allowed  to  "rest"  or  "ripen"  while  in  an  off  status  and  then  to  be 
restarted  at  a  low  filtering  rate.  The  return  to  normal  filtering  rates  should 
be  gradual  over  a  period  of  say  30  minutes. 
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(c)  Filter  Backwashing  (cont'd) 

Generally,  the  filters  run  an  average  of  between  50  and  55  hours  before  they  are 
manually  stopped  due  to  headloss. 

(d)  Chemical  Dosage  Control 

There  are  two  chemical  application  points  in  the  Lakeview  Water  Treatment  Plant: 
one  in  the  intake  surge  well  before  the  travelling  water  screens,  and  one  at  a 
common  chemical  application  point  where  all  of  the  filter  effluents  discharge 
into  the  clearwells. 

Pre-chlorine,  alum,  and  fluoride  are  added  into  the  intake  surge  well.  The 
individual  alum  and  fluoride  diffusers  introduce  the  chemicals  into  the  raw 
water  at  the  exit  of  the  intake  pipe  into  the  surge  chamber.  The  diffusers  are 
submerged  to  approximately  the  intake  obvert  elevation.  The  chlorine  diffuser 
is  located  at  the  north  end  of  the  surge  chamber.  Theoretically,  a  single 
application  point  for  the  chlorine,  alum  and  fluoride  should  be  simple  to 
operate  and  provide  good  operating  results;  however,  the  raw  water  flow  pattern 
is  such  that  unequal  chemical  distribution  occurs  between  the  East  and  West 
sides  of  the  low  lift  pumping  station.  Various  chemical  application  points, 
diffuser  arrangements  and  baffles  have  been  tried  with  little  success.  The  raw 
water  exits  the  surge  chamber  at  the  southwest  corner. 

Fluoride  and  alum  are  both  added  into  the  surge  well.  It  has  been  speculated 

that  alum  may  consume  part  of  the  fluoride  dosage.  Further  investigation  is 

required  to  determine  if  the  present  method  of  adding  alum  and  fluoride  together 
results  in  fluoride  consumption  by  the  alum. 

In  this  plant,  the  most  important  chemical  to  control  from  a  particulate  removal 
performance  view  point  is  alum. 

Sulphur  dioxide,  ammonia,  and  chlorine  can  be  added  at  a  common  chemical  point 
as  the  filtered  water  enters  the  clearwells.  Presently,  only  sulphur  dioxide 
and  ammonia  are  added  at  this  location.  Chlorine  would  only  be  added  if  the 
plant  was  not  practicing  superchlorination,  and  therefore,  chlorine  and  sulphur 
dioxide  would  never  be  added  together. 
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(d)     Chemical  Dosage  Control  (cont'd) 

At  the  present  time,  there  are  three  continuous  chlorine  analysers  and  three 
continuous  turbidimeters  at  the  Lakeview  plant.  The  information  from  these 
instruments  is  not  reported  on  plant  log  sheets.  The  intention  is  that  the 
information  from  these  instruments  be  fed  into  a  computer  and  used  for  process 
control  sometime  in  the  future. 

CHLORINE 

The  Lakeview  plant  practices  the  superchlorination  process,  where  elevated 
chlorine  dosages  are  added  at  the  front  end  of  the  plant  to  control  taste  and 
odour  problems.  Pre-chlorine  is  added  to  obtain  a  free  residual  of  between  1.5 
and  2.0  mg/L.  The  relatively  high  free  residual  persists  through  the 
flocculation  tanks,  settling  tanks,  and  filters. 

The  free  residual  is  continuously  analyzed,  and  this  information  determines  the 
dosage.  Chlorine  dosage  is  verified  by  weigh  scale  readings  of  chlorine 
cylinders,  taken  every  hour. 

Since  the  plant  presently  superchlorinates,  post-chlorine  is  not  added. 

ALUM 

Jar  tests  are  used  only  when  the  raw  water  quality  is  changing.  The  operators 
carry  out  the  jar  tests  in  the  lab  on  an  irregular  and  as  required  basis  during 
significant  changes  in  raw  water  conditions.  Jar  tests  may  be  conducted  when 
the  filtered  water  turbidity  increases  or  when  the  length  of  filter  run  begins 
to  decrease.  From  the  results  of  the  jar  testing,  the  alum  feed  rate  is  then 
set  manually  by  the  operator. 

During  relatively  unchanging  raw  water  quality  conditions,  experience  and 
observation  of  floe  size  and  water  clarity  on  top  of  the  filters  are  used  to 
make  any  dosage  adjustments. 
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(d)     Chemical  Dosage  Control  (cont'd) 

The  alum  dosage  is  checked  every  hour  by  recording  the  rotameter  dosage  reading. 
Alum  usage  is  determined  by  measuring  the  24  hour  level  drop  in  the  alum  storage 
tanks.  The  daily  average  alum  dosage  calculation  is  made  on  the  24  hour  usage. 
The  24  hour  level  drop  in  the  storage  tanks  ranges  from  100  to  150  mm,  depending 
on  the  dosage  and  plant  flow  rate.  The  level  is  measured  within  ±6  mm,  thus, 
for  an  overall  measurement  of  100  mm,  the  accuracy  is  ±6%.     In  Gore  &  Storrie's 
opinion,  this  provides  a  relatively  reliable  means  of  determining  the  average 
coagulant  dosage  in  this  case. 

FLUORIDE 

Fluoride  is  added  to  the  water  using  hydrofluosilicic  acid.  The  acid  is  added 
by  one  of  two  1500  L/d  flow-paced  metering  pumps  to  maintain  a  plant  effluent 
residual  of  1.0  mg/L  F".  The  plant  records  show  a  wide  range  of  dosage  control, 
as  the  dosage  varied  from  0.39  to  2.0  mg/L. 

Daily  acid  usage  is  determined  by  measuring  level  drop  in  the  hydrofluosilicic 
acid  storage  tank.  This  method  of  confirming  daily  usage  is  for  chemical 
inventory  purposes.  The  fluoride  residual  in  the  plant  effluent  is  analyzed  by 
a  Wallace  &  Tiernan  continuous  fluoride  analyzer. 

SULPHUR  DIOXIDE 

A  compound  loop  control  system  for  sulphur  dioxide  is  used,  based  on  chlorine 
residual.  Sulphur  dioxide  is  used  for  dechlorination  to  lower  the  total 
chlorine  residual  to  approximately  1.0  mg/L.  Dosages  ranged  between  0.02  and 
1.5  mg/L. 

Sulphur  dioxide  dosage  is  verified  by  weigh  scale  readings  of  sulphur  dioxide 
cylinders,  taken  every  hour. 

AMMONIA 

Aqueous  ammonia  (30%)  is  added  via  two  250  L/d  flow-paced  metering  pumps. 
Dosages  range  between  0.1  and  0.5  mg/L  (average  =0.2  mg/L). 
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(d) 


Chemical  Dosage  Control  (cont'd) 


Ammonia  usage  is  verified  by  recording  weight  loss  from  the  900   L  day  tank  every 
two  hours.       The  day  tank  is  located  on  a  weigh  scale. 


(e) 


Quality  Control  Testing 


The  following  table  lists  pertinent  information  on  the  sample  systems  in  use  at 
the  Lakeview  plant: 


I                1  LENGTH/  1  SAMPLb        FLOW    I   VELOCITY   ITRAVEL  TIME  1 
1  SOURCE          1   SIZE   1   LINE    1    (L/min)       (m/s)       (min) 

j                (m/nrni)   1  MATERIAL  IMax.  1  Norm.lMax.   Norm.lMin.   Norm. I 

Raw  Water  (down    Suction  1  Copper   1  4.8  1      10.16  1       3.1 
1  intake,  prior    I  30/25.4  I 

1  to  chemical      IDischargel  Copper   1  4.8  1   *  10.34*1   *  1  4.0  1  * 
1  addition)       I  75/12.7  I              III 

Low  Lift  Well    1  Suction  1  Copper   1  6.2  1   5   10.81  1  0.66  1  0.3    0.4  1 
1  (after  alum,  CI2  1  15/12.7  I         1     1      1     1      1     1 
1  &  fluoride)      IDischargel  PVC      1  6.2  1   5   10.81  1  0.66  1  1.0  1   1.3  1 

1  50/12.7  I                   1 

1  Common  Chemical   1  Suction  !;  PVC     1  8.8  1  2.7  11.16  1  0.36  1  0.1    0.3 
1  Application      I  6/12.7  I         1     1      1     1 
1  Point  (after  S02  IDischargel  PVC     1  8.8  1  2.7  11.16  1  0.36  1  0.9    2.8 
1  and  ammonia)     I  60/12.7  I             1      1 

(HL  discharge)   1  60/12.7  1  Copper   121.0  1  4.5  12.76  1  0.6  1  0.4    1.6  1 

*  Sample  flow  is  split.  A  portion  of  sample  flow  is  directed  to  the  Hach 
surface  scatter  turbidimeter. 

The  sample  flow  rate  was  determined  by  a  time-displacement  test  carried  out, 
firstly,  at  the  normal  flow  rate  in  use,  and  secondly,  by  measuring  the  flow 
rate  after  opening  the  sample  tap  to  obtain  the  maximum  flow. 

It  is  important  to  note  that,  when  the  first  three  sample  lines  were  opened  up, 
a  large  amount  of  sediment  was  dislodged  and  transported  to  the  sample  sink. 
The  sample  from  the  clearwell  showed  the  most  serious  deterioration  during  the 
short  maximum  (flushing)  rate  of  flow. 
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(e)     Quality  Control  Testing  (cont'd) 

The  reason  that  the  sample  flows  are  normally  operated  at  reduced  rates  is 
because  significant  splashing  occurs  at  maximum  flow,  and  the  capacity  of  the 
sample  sink  drain  will  not  accept  maximum  flow  from  all  four  samples  at  the  same 
time. 

TURBIDITY 

There  are  three  continuous  on-line  turbidity  measurements.  They  are: 

SAMPLE  POINT         TESTING  INSTRUMENT 

Raw  Water  Hach  Surface  Scatter 

Clearwell  Inlet       Hach  1720B 
High  Lift  Discharge    Hach  1720B 

None  of  the  turbidity  readings  from  the  above  on-line  instruments  are  recorded. 
It  is  the  intention  that  the  information  from  these  instruments  will  be  fed  into 
computers  and  used  for  process  control  in  the  future  when  the  plant  becomes  more 
automated.  At  the  present  time,  the  turbidimeters  are  not  calibrated,  but  will 
be  calibrated  regularly  once  the  turbidity  readings  become  part  of  the  automated 
process  control  system. 

Operators  presently  take  grab  samples  from  the  sample  taps  in  the  lab  every  two 
hours  and  measure  turbidity  using  a  Hach  2100A.  These  numbers  are  recorded  on 
the  daily  log  sheet. 

In  addition  to  the  turbidities  listed  above,  the  operators  collect  a  grab  sample 
of  settled  water  (filter  influent)  every  two  hours  and  measure  turbidity  in  the 
lab  using  the  same  Hach  2100A  mentioned  above. 

Presently,  there  is  no  on-line  filter  effluent  turbidity  measurement  for 
individual  filters,  although  sample  taps  are  present  to  allow  grab  samples  of 
filter  effluent  from  each  filter.  In  1969,  an  automatic  filter  effluent 
measurement  system  was  installed  for  Filters  11  to  18.  This  system  has  been  out 
of  service  for  many  years  because  the  turbidimeters  would  not  keep  their 
calibration  and,  therefore,  provided  inaccurate  turbidity  measurements. 
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(e) 


Quality  Control  Testing  (cont'd) 


IN-PLANT  MONITORING 


The  following  table  gives  a  list  of  the  tests  performed  at  the  plant: 


TESTING 

REPORTING 

TESTING    1 

TEST 

SAMPLE  POINT 

FREQUENCY 

FREQUENCY 

INSTRUMENT 

1  CI2  Residual 

1  -  Pre-free 

LL  well 

Continuous 

Not 

reported 

W&T 

1   Pre-free 

LL  well 

1/2  hours 

1/2 

hours 

Amp.  titration  1 

1  -  Post-total 

Common  point 

Continuous 

Not 

reported 

W&T          1 

Post-total 

HL  discharge 

Continuous 

Not 

reported 

W&T 

Post-free 

HL  discharge 

1/2  hours 

1/2 

hours 

Amp.  titration  I 

Post-total 

HL  discharge 

1/2  hours 

1/2 

hours 

Amp.  titration  I 

Post-combined 

HL  discharge 

1/2  hours 

1/2 

nours 

Amp.  titration  I 

1  Turbidity 

Raw  (1) 

Continuous 

Not 

reported 

Hach  surface 
scatter 

Raw  (1) 

1/2  hours 

1/2 

hours 

Hach  2100A     1 

Settled 

1/2  hours 

1/2 

hours 

Hach  2100A     1 

Common  point 

Continuous 

Not 

reported 

Hach  1720B     1 

HL  discharge 

Continuous 

Not 

reported 

Hach  1720B     I 

HL  discharge 

1/2  hours 

1/2 

hours 

Hach  2100A 

1  pH 

Raw  (1) 

1/2  hours 

1/2 

hours 

Chemtrix  Type  1 

12 

Chemtrix  Type  1 

12 

HL  discharge 

1/6  hours 

1/6 

hours 

1  Ammonia 

Raw  (1) 

1/2  hours 

1/2 

hours 

Spectro- 
photometer 

HL  discharge 

1/2  hours 

1/2 

hours 

Spectro- 
photometer 

1  Fluoride 

HL  discharge 

1/day 

1/day 

* 

HL  discharge 

Continuous 

Not 

reported 

W&T  Series 
81-020 

1  Temperature 

LL  well 

Continuous 

1/hour 

In-line  probe 

1  Algae 

LL  well 

1/week  (2) 

1/week 

Whipple  cell 

1  Counting 

apparatus 

1  Bacteriolog- 

LL  well 

1/day  (3) 

1/day 

(4) 

1  ical  Testing 

HL  discharge 

1/day 

l/d< 

iy 

(5) 

*  Total  hydrofluosilicic  acid  used  per  day  divided  by  total  water  pumped  per 
day  is  used  to  confirm  actual  mg/L  of  fluoride  for  the  day. 
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(e)     Quality  Control  Testing  (cont'd) 

(1)  The  raw  water  sample  location  is  down  the  intake,  prior  to  any  chemical 
addition. 

(2)  A  duplicate  sample  is  also  sent  to  MOE  lab  for  analysis  each  week. 

(3)  Random  duplicate  samples  are  sent  to  the  MOE  Resources  Road  lab  and  the 
MOH  lab  once  per  month  for  analysis. 

(4)  Bacteriological  tests  are  conducted  at  the  Lakeview  plant,  and  include 
total  coliform  and  fecal  coliform  by  the  membrane  filtration  technique. 
Fecal  streptococcus  testing  has  been  discontinued. 

(5)  Bacteriological  tests  are  conducted  at  the  Lakeview  plant,  and  include 
total  coliform  and  Standard  Plate  Count.  Fecal  coliform  and  fecal 
streptococcus  testing  has  been  discontinued. 

The  continuous  chlorine  analyzers  are  checked  hourly  with  amperometric  titrator 
measurements.  If  the  amperometric  titrator  gives  an  unusual  result,  it  is 
calibrated  with  a  DPD  tablet  test  or  with  the  spectrophotometer.  The  Hach  2100A 
turbidimeter  is  calibrated  daily  with  the  Formazin  standards.  The  pH  meter  is 
calibrated  daily  with  pH  standards,  and  litmus  paper  is  used  to  confirm  the 
reading  (Litmus  paper  is  not  as  accurate  as  pH  standards;  perhaps  this  is  not 
an  appropriate  confirmation).  The  spectrophotometer  is  calibrated  daily  with 
standards.  The  continuous  fluoride  analyzer  is  calibrated  every  two  months 
using  the  spectrophotometer. 

D.2     Operation  and  Process  Concerns 

(a)     Corrosion  Due  to  Superchlorination 

The  plant  practices  superchlorination  to  control  taste  and  odour  problems. 
Chlorine  is  added  in  the  intake  surge  well  to  achieve  a  free  residual  of  between 
1.5  and  2.0  mg/L. 

This  high  free  residual  stays  in  the  water  through  f locculation,  settling,  and 
filtration.  When  the  water  reaches  the  filter  buildings,  there  is  enough 
release  of  chlorine  vapours,  combined  with  relatively  high  humidities,  to  cause 
corrosion  of  metal  surfaces  in  the  filter  buildings. 
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(a)  Corrosion  Due  to  Superchlorination  (cont'd) 

For  the  proposed  addition  of  Filters  19  to  22,  scheduled  for  construction  in 
1987,  the  following  measures  have  been  proposed  to  alleviate  the  corrosion 
problem: 

(i)    Use  non-metallic  materials  where  possible  for  service  water  piping, 
ventilation  ducting,  etc. 

(ii)   Paint  all  other  metal  to  protect  against  corrosion. 

(iii)  Provide  air-purged  cabinets  for  solenoid  valve  panels. 

(iv)   Provide  a  ventilation  system  to  dilute  and  remove  chlorine  vapours. 

(v)    Provide  positive  ventilation  in  adjacent  control  room,  etc.,  to 
prevent  chlorine  vapours  from  entering  these  areas. 

Gore  &  Storrie  is  reviewing  methods  of  dealing  with  the  corrosion  problem  and 
working  conditions  in  the  older  parts  of  the  plant  under  Construction  Contract  2. 

The  corrosion  problem  is  caused  by  the  presence  of  chlorine  in  the  air  above  the 
filters  when  the  superchlorination  process  is  used.  An  alternative  method  of 
operation  would  be  either  to  stop  superchlorinating  or  to  change  the  application 
point  for  chlorine  until  after  the  filters.  In  the  first  instance,  taste  and 
odour  problems  would  return  and  be  a  problem.  The  second  is  not  possible  with 
the  present  physical  facilities,  because  there  is  no  common  location  to 
dechlorinate  except  immediately  after  the  filters. 

When  the  new  intake  is  completed  in  1990,  the  raw  water  quality  may  improve  to 
an  extent  where  taste  and  odour  is  no  longer  a  problem.  If  so, 
superchlorination  can  be  discontinued  at  that  time. 

(b)  Total  Trihalomethane  Formation  Potential 

As  stated  above,  the  Lakeview  plant  practices  the  superchlorination  process  and 
applies  the  total  chlorine  dosage  into  the  raw  water  (pre).  In  theory,  the 
level  of  THM's  in  the  treated  water  could  be  lowered  by  delaying  chlorination 
until  after  settling.  Examination  of  the  treated  water  THM  levels  indicates 
that  Lakeview  maintains  a  low  average  THM  concentration  of  30-35  ug/L,  and 
therefore,  the  possible  reduction  in  THM  concentration  which  may  occur  by 
delaying  chlorination  would  be  minimal. 
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(c)  Inadequate  Chemical  Mixing 

Chlorine,  alum,  and  fluoride  are  added  in  the  intake  surge  well  ahead  of  the 
travelling  water  screens.  Various  diffuser  and  baffling  arrangements  have  been 
tried,  but  without  flash  mixing  or  in-line  mixing,  uneven  distribution  of 
chemicals  entering  the  two  low  lift  suction  wells  still  exists. 

The  Ontario  Ministry  of  the  Environment  suggests  that  the  dispersion  of  alum 
into  the  raw  water  may  be  improved  by  diluting  the  coagulant  to  a  very  low 
concentration  and  dispensing  a  larger  volume  into  the  surge  well.  A  significant 
amount  of  dilution  water  would  be  required  to  dilute  the  alum  to  a  concentration 
of  less  than  1%  and  larger  metering  pumps  would  be  required  to  feed  the  larger 
volumes. 

The  Lakeview  operational  staff  have  requested  that  in-line  blenders  be  included 

in  the  next  plant  expansion.  Consideration  should  be  given  to  the  installation 

of  a  mixer  which  would  ensure  uniform  distribution  of  the  chemicals  throughout 
the  water. 

The  present  arrangement  for  adding  alum  at  one  common  point  does  not  allow 
optimizing  various  sections  of  the  plant.  As  described  before,  the  Lakeview 
plant  has  evolved  in  five  stages  since  1952.  Each  stage  has  different 
characteristics,  flows,  velocity  gradients,  overflow  rates,  etc.  In  order  to 
maximize  the  performance  of  each  plant  stage  individually,  it  would  be  necessary 
to  feed  chemicals  individually. 

(d)  Old  Low  Lift  Flow  Metering 

The  old  (1952)  low  lift  pumping  station  is  fed  with  screened  water  from  the  west 
well  of  the  1966  low  lift  pumping  station.  Originally  (1966),  the  flow  from  the 
west  well  of  the  1966  station  to  the  1952  low  lift  well  was  metered  with  a 
submerged  venturi  meter.  This  meter  has  been  out  of  service  for  many  years. 

The  old  low  lift  is  presently  not  metered;  fortunately,  it  is  only  used  on  rare 
occasions  to  help  meet  high  summer  demands.  The  old  low  lift  will  eventually  be 
abandoned  as  new  low  lift  facilities  are  constructed. 
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(e) 


Coagulation  Process  Control 


In  the  period  from  1983  to  1986,  the  plant  records  indicate  that  settled  water 
or  filter  influent  turbidities  range  from  1.1  to  29.0  NTU,  based  on  bi-hourly 
readings,  or  1.3  to  12.1  NTU,  based  on  daily  average  of  bi-hourly  readings. 

Our  review  of  Performance  Profile  Tables  2.1,  2.2,  and  2.3  for  February,  March, 
and  April  1985;  2.4  and  2.5  for  October  and  November  1985;  and  2.6  and  2.7  for 
February  and  March  1984,  indicate  that  the  daily  average  combined  filter 
effluent  turbidities  (high  lift  discharge  turbidity  measurement)  exceeded  1  FTU 
on  a  total  of  10  days.  That  is,  during  poor  raw  water  conditions  in  the  seven 
specific  months  listed  above  (a  period  of  approximately  210  days),  the  filters 
were  not  able  to  maintain  <1  FTU  on  10  days. 

The  10  days  in  210  is  4.8%  of  the  poor  raw  water  quality  period.  In  a  two-year, 
or  730-day  period,  the  10  days  represent  1.4%  of  the  time.  The  10  days  occurred 
in  six  events,  as  follows: 


DATE 

AVERAGE  COMBINED  FILTER 
EFFLUENT  TURBIDITY 
(FTU) 

15  Feb. 
1  16  Feb. 
1  17  Feb. 

1984 
1984 
1984 

2.3 
1.4 
2.2 

1  21  Feb. 

1984 

1.07 

1  22  Mar. 
1  23  Mar. 

1985 
1985 

1.04 
1.10 

1  27  Feb. 

1985 

1.1 

1  Mar. 
1  2  Mar. 

1985 
1985 

1.1 
1.2 

9  Mar. 

1985 

1.17 
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(e)  Coagulation  Process  Control  (cont'd) 

Although  several  turbidity  exceedences  occurred  during  this  seven  month  period, 
there  were  also  elevated  raw  water  turbidity  days  when  the  treated  water 
turbidity  remained  below  0.3  FTU.  It  should  be  noted  that  the  emphasis  for 
optimization  is  not  on  exceedences  of  1.0  FTU,  but  is  on  striving  to  reduce  the 
turbidity  to  as  low  a  level  as  practical.  This  is  discussed  in  more  detail  in 
the  following  section. 

(f)  Raw  Water  Quality 

The  Credit  Valley  Conservation  Authority  is  presently  (1987)  constructing  a 
marina  on  the  shore  of  Lake  Ontario  to  the  south  and  west  of  the  Lakeview  Water 
Treatment  Plant.  Isolated  incidents  of  elevated  raw  water  turbidities  occurred 
during  the  landfill  construction. 

A  new  intake  is  scheduled  to  be  constructed  between  1988  and  1990.  This  new 
intake  will  have  a  larger  capacity  and  will  extend  farther  into  the  lake  than 
the  present  intake;  therefore,  any  adverse  effects  of  the  present  construction 
activity  will  be  overcome  with  the  completion  of  the  new  intake. 

(g)  Taste  and  Odour 

Raw  water  taste  and  odour  incidents  occur  regularly  at  the  Lakeview  plant,  but 
are  adequately  controlled  with  the  superchlorination  process.  The  "in-plant 
weather  station"  records  the  wind,  temperature,  etc.  and  helps  the  plant  staff 
prepare  for  potential  taste  and  odour  problems. 
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SECTION  E 
PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 


SECTION  E 

PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 


E.1 


Turbidity  Removal 


(a) 


General 


The  Lakeview  plant  must  deal  with  summer  and  non-summer  raw  water  quality 
conditions  as  shown: 


JUN-AUG 

FEE 

i-APR 

(Summer) 

(Non- 

•Summer 

) 

Max. 

Min. 

Avg. 

Max. 

Min. 

Avg. 

Turbidity  (FTU) 

28.0 

1.10 

3.65 

71.0 

0.67 

13 

Colour  (HCU) 

37.5 

2.0 

7.2 

10 

3.5 

6.9 

PH 

8.4 

7.2 

8.0 

9.2 

7.2 

8.1 

Iron  (mg/L) 

0.27 

0.05 

0.19 

5.5 

0.5 

1.2 

Manganese  (mg/L) 

0.015 

0.004 

0.01 

0.17 

0.005 

0.07 

Alkalinity  (mg/L) 

101 

76.4 

95.2 

106 

94.6 

98.9 

Hardness  (mg/L) 

141 

124 

134 

142 

125 

135 

Considering  turbidity  alone,  the  average  summer  raw  water  quality  conditions 
would  allow  treatment  by  direct  filtration  (that  is,  a  plant  without  settling 
tanks)  to  meet  today's  treated  water  turbidity  objective.  Further,  it  is  during 
the  summer  conditions  that  the  maximum  demand  occurs;  therefore,  the  summer 
performance  of  the  settling  tanks  is  not  an  important  or  critical  component  in 
the  plant's  overall  performance. 

In  contrast,  the  average  non-summer  raw  water  quality  requires  settling  tanks  to 
reduce  the  filter  influent  solids  load  to  a  reasonable  level. 


(b) 


Plant  Performance 


OVERALL  PLANT  PERFORMANCE 

It  is  usual  to  consider  two  conditions  for  plant  operation,  the  maximum 

hydraulic  flow  rate  (380  ML/d)  and  the  maximum  process  flow  rate.  At  Lakeview, 

the  maximum  process  capacity  is  higher  in  the  summer  (360  ML/d)  than  in  the 
non-summer  (206  ML/d). 
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(b) 


Plant  Performance  (cont'd) 


The  maximum  process  condition,  from  the  standpoint  of  particulate  removal, 
occurs  with  the  highest  solids  loading  on  the  plant.  The  maximum  flow  and  the 
worst  water  quality  are  not  coincident  at  the  Lakeview  plant. 

Raw  water  turbidity  usually  increases  in  the  non-summer  months  (Feb-Apr)  and 
November.  The  increased  turbidity  is  usually  the  result  of  rain  and  wind 
storms,  runoff,  and  spring  and  fall  turnover.  The  increased  raw  water  turbidity 
results  in  a  higher  solids  loading  on  the  plant,  which  may  decrease  the  length 
of  filter  run. 

The  plant  records  for  treated  water  during  1983  to  1986  can  be  summarized  as 
follows: 


JUN-AUG 

FEB-APR 

(Summer) 

(Non-Summer) 

Max.  Daily  Average  Turbidity 

0.91 

2.3 

Min.  Daily  Average  Turbidity 

0.19 

0.15 

Avg.  Turbidity 

0.48 

0.22 

No.  of  Turbidity  Events 

Nil 

6 

(>1  FTU) 

The  records  confirm  that  the  plant's  summer  performance  has  consistently 
produced  water  of  <1.0  FTU,  whereas  the  non-summer  performance  has  had  six 
events  of  >1.0  FTU. 

ASSESSMENT  OF  OVERALL  PERFORMANCE 

The  turbidity  guideline  in  the  Province  of  Ontario  is  1.0  FTU;  but  clearly  it  is 
important  to  reduce  the  turbidity  to  as  low  a  level  as  practical. 

The  historic  records  of  the  plant  have  been  reviewed  as  a  means  to  assess  plant 
performance  under  various  operating  conditions. 
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in 


(b)      Plant  Performance  (cont'd) 

The  specific  non-summer  turbidity  records  are  shown  in  Tables  2.1  to  2.7 
Appendix  A.  These  turbidity  records  are  further  shown  graphically  in  Figures 
1.1  to  2.3  in  Appendix  C.  Tables  2.1  to  2.7  and  Figures  1.1  to  1.6  report  daily 
average  turbidity  values  and  alum  dosages.  Figures  2.1  to  2.3  show  plant 
operating  bi-hourly  turbidity  values  and  alum  dosages  for  the  turbidity  episode 
in  February  1984. 

As  outlined  in  Section  D.2  (e),  there  were  6  turbidity  episodes  and  a  total  of 
10  days  during  the  1984-1986  time  period  when  the  daily  average  filtered  water 
turbidity  value  exceeded  1.0  FTU.  The  plant  records  show  that  the  raw  water 
turbidity  had  risen  sharply  and  was  at  a  high  level  during  each  of  the  six 
events.  The  plant  records  also  show  that  the  settled  water  turbidity  had 
increased  slightly,  during  or  prior  to  the  turbidity  events.  Also,  on  each 
event,  the  operations  staff  reacted  to  the  climbing  raw  water  turbidity  by 
increasing  the  alum  dosage. 

After  studying  the  specific  events  where  turbidities  exceeded  1.0  FTU,  as  shown 
in  Figures  2.1  to  2.3,  Appendix  C,  it  appears  that  the  time  lag  involved  in 
making  alum  dosage  adjustments  to  meet  changing  raw  water  conditions  resulted  in 
the  increased  treated  water  turbidities.  Another  influencing  factor  is  the 
actual  alum  dosage  selected  to  combat  the  high  raw  water  turbidity.  It  appears 
that  both  the  time  lag  and  the  alum  dosage  selected  contributed  to  the  higher 
than  normal  treated  water  turbidities. 

It  should  be  noted  that  there  were  many  other  periods  of  elevated  raw  water 
turbidities  where  no  treated  water  exceedences  occurred.  In  general,  the 
operation  of  the  Lakeview  plant  with  respect  to  turbidity  removal  is  quite 
good. 
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E.2  Treatability  Testing 

(a)  Jar  Testing 

TURBIDITY  REMOVAL 

Treatability  testing  was  carried  out  on  two  raw  water  samples,  with  1.6  and  54 
NTU,  respectively.  The  test  results  and  Gore  &  Storrie's  jar  test  procedure  are 
included  in  Appendix  D. 

Alum  and  various  polymers  were  used  in  the  coagulation/f locculation/ 
sedimentation  testing,  followed  by  filtration  through  a  1.2  pm  membrane  which, 
in  our  experience,  emulates  the  performance  of  a  dual  media  filter.  The  results 
of  the  testing  demonstrate  that  filtration  down  to  a  turbidity  of  0.2  to  0.3  NTU 
is  achievable  for  both  samples  tested,  providing  appropriate  dosages  of  alum 
plus  a  coagulant  aid  are  used.  Therefore,  consideration  should  be  given  to  the 
provision  of  a  polyelectrolyte  feed  system. 

It  is  Gore  &  Storrie's  opinion  that  additional  testing  should  be  carried  out  by 
the  plant  staff  to  ascertain  the  relative  merits  of  specific  polyelectrolytes  to 
reduce  the  filter  effluent  turbidities.  Clearly,  the  improved  performance  must 
be  gauged  against  the  increased  costs  of  operation. 

ALUMINUM  RESIDUAL 

The  use  of  aluminum  salt  coagulants  (alum,  polyaluminum  chloride,  etc.)  in 
potable  water  treatment  plants  may  lead  to  increased  aluminum  concentrations  in 
treated  water,  which  may  result  in  water  quality  and  supply  problems. 

There  is  no  evidence  that  aluminum  is  physiologically  harmful,  and  no 
health-related  limit  has  been  specified  anywhere  in  the  world  to  our  knowledge. 
However,  the  perception  of  potential  health  problems  associated  with  aluminum 
frequently  emerges. 
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ALUMINUM  RESIDUAL  (cont'd) 

Water  supply  problems  may  be  associated  with  increased  aluminum  concentrations 
in  treated  water.  These  problems  include  the  formation  of  a  hydrous  aluminum 
precipitate  in  the  distribution  system  which  may  increase  turbidity  and 
complaints  about  clarity.  Aluminum  floe  in  the  system  may  interfere  with  the 
disinfection  process  by  entrapping  and  protecting  microorganisms.  Another 
problem  attributed  to  increased  aluminum  concentrations  is  deposition  of 
aluminum  hydrolysis  products  on  pipe  walls,  which  decreases  carrying  capacity. 
To  minimize  these  problems,  the  Ontario  Drinking  Water  Objectives  (ODWO)  suggest 
an  operational  guideline  of  <0.1  mg/L  as  Al  in  the  treated  water  leaving  the 
plant. 

An  EPA  survey  of  186  utilities  showed  that  a  number  of  plants  exhibited  high 
residual  aluminum  when  overdosing  of  alum  occurred.  Even  though  some  utilities 
surveyed  stated  that  minimizing  the  alum  dosage  is  a  strategy  for  controlling 
residual  aluminum,  underdosing  of  alum  appears  to  be  just  as  detrimental  to 
turbidity  removal  and  residual  aluminum  control  as  overdosing. 

Water  quality  problems  associated  with  high  concentrations  of  aluminum  in 
finished  water  have  led  to  discussion  of  ways  to  reduce  residual  aluminum 
concentrations.  One  method  of  reducing  aluminum  concentration  is  to  optimize 
coagulation.  To  have  optimum  coagulation  requires  that  the  best  coagulant, 
dosage,  and  combination  of  operating  conditions  be  selected  for  each  raw  water. 
The  optimum  pH  range  must  also  be  achieved  since  aluminum  is  least  soluble  in 
water  in  the  pH  range  5.5-7.0. 

There  are  treatment  plants  in  Ontario  which  are  currently  using  residual 
aluminum  as  an  "operational  tool"  to  optimize  the  dosage  of  alum.  Operational 
staff  respond  to  any  elevation  in  residual  aluminum  and  make  the  necessary 
adjustments  to  the  plant  operation. 
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ALUMINUM  RESIDUAL  (cont'd) 

Aluminum  solubility  in  water  is  a  complex  topic;  but  some  of  the  most 
significant  variables  are  pH,  time  and  temperature.  For  pH  values  greater  than 
6.5,  the  aluminum  residual  increases  directly  with  pH.  Aluminum  residual  is 
inversely  proportional  to  time,  up  to  several  hours,  whereupon  the  solubility 
concentration  remains  fairly  constant.  The  aluminum  residual  varies  inversely 
with  temperature,  but  this  has  a  fairly  minor  impact  over  the  ranges  encountered 
in  natural  waters.  For  times  greater  than  an  hour  and  pH's  greater  than  about 
7.4,  water  may  contain  a  residual  concentration  greater  than  0.1  mg/L. 

For  the  aluminum  residuals  and  pH  values  found  in  the  waters  at  the  plant,  the 
results  are  consistent  with  general  experimentally  determined  values. 
Therefore,  it  is  not  surprising  to  find  aluminum  concentrations  greater  than  0.1 
mg/L. 

Lakeview's  treated  water  aluminum  residuals  have  sometimes  been  above  the 

guideline  of  0.1  mg/L.  Experience  elsewhere  with  Lake  Ontario  raw  water  (pH 

greater  than  7)  has  shown  that  increased  alum  dosages  reduce  the  pH,  which 
should  in  turn  reduce  the  aluminum  residual. 

In  Gore  &  Storrie's  opinion,  the  benefits  obtained  from  an  increased  alum  dosage 
or  pH  adjustment  to  reduce  the  aluminum  residual  would  not  be  warranted. 

(b)     Optimum  Particulate  Removal 

As  discussed  above,  laboratory  scale  testing  indicates  that,  under  ideal 
conditions,  the  raw  water  particulates  can  be  coagulated  so  as  to  yield  low 
filtered  water  turbidities.  In  addition,  the  plant  operating  data  show  that 
episodes  of  higher  filter  effluent  turbidities  result  from  rapidly  changing 
turbidity  conditions,  wherein  the  alum  dosage  may  be  less  than  needed. 
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(b)  Optimum  Particulate  Removal  (cont'd) 

From  the  laboratory  testing  conducted  as  part  of  this  optimization  study,  Gore  & 
Storrie  believes  that  a  minimum  alum  dosage  of  5  to  15  mg/L  is  required.  For 
raw  water  turbidities  greater  than,  say,  10  FTU,  the  required  alum  dosage 
(expressed  in  mg/L)  seems  to  be  roughly  the  same  as  the  turbidity  (expressed  in 
FTU),  but  plant  jar  testing  should  be  performed  during  elevated  raw  water 
turbidity  periods  to  determine  the  optimum  dosage  with  respect  to  turbidity 
removal.  In  addition,  with  higher  raw  water  turbidities,  a  polyelectrolyte 
dosage  may  be  required  to  ensure  the  lowest  possible  filtered  water 
turbidities. 

(c)  Streaming  Current  Monitor 

It  was  stated  earlier  that,  during  periods  of  rapidly  changing  raw  water 
turbidity,  the  alum  dosage  changes  lagged  changes  in  the  turbidity.  The  alum 
dosages  during  this  period  were  being  adjusted  up  and  down  in  an  attempt  to 
achieve  the  optimum  performance.  A  streaming  current  monitor  (SCM)  may  allow 
both  a  faster  response  and  a  more  accurate  selection  of  correct  coagulant 
dosages. 

E.3      Optimum  Removal  Strategies 

(a)      Flash  Mixing  and  Coagulant  Addition 

As  noted  in  previous  sections,  presently  the  plant  has  one  alum  application 
point  and  no  rapid  or  flash  mixing.  The  raw  water  flow  from  the  1966  low  lift 
pumping  station  is  discharged  into  two  headers.  The  West  header  serves  Filters 
1-10  and  the  East  header  serves  Filters  11-18. 

In  order  to  allow  optimum  coagulant  addition  to  each  section  of  the  plant,  we 
recommend  that  in-line  blenders,  alum  application  points  and  associated  metering 
pumps,  and  Streaming  Current  Monitors  be  installed  for  each  of  the  two  headers. 
To  allow  for  future  flexibility  in  process  treatment,  the  in-line  blenders 
should  be  equipped  with  feed  points  for  alum  and  a  coagulant  aid. 
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(b)  Flocculation  and  Sedimentation 

As  noted  in  previous  sections,  all  the  flocculation  and  sedimentation  tanks  are 
used  at  most  times.  Since  the  level  of  mixing  in  the  flocculation  tanks  is 
dictated  by  the  flow  rate,  there  may  be  some  marginal  benefits  obtained  from 
isolating  the  pretreatment  sections  of  the  plant.  The  resident  time  afforded  by 
having  all  tanks  operational  is  increased  at  lower  flows;  thus  the  increased 
mixing  time  tends  to  compensate  for  the  reduced  flow  rates.  In  addition,  the 
settling  tank  performance  is  inversely  dependent  on  the  flow  rate;  therefore, 
this  unit  operation  tends  to  also  compensate  for  reduced  mixing  levels  at  lower 
rates  by  becoming  more  efficient.  Clearly,  there  are  bounds  to  how  low  the  flow 
rate  can  be  before  overall  performance  is  affected. 

It  is  Gore  &  Storrie's  opinion  that  there  is  merit  to  investigating,  on  a  plant 
scale,  the  magnitude  of  improvement  which  would  result  from  maintaining  high 
flows  in  the  flocculation  tanks.  From  an  operational  standpoint,  however,  we 
believe  that  the  performance  improvements  may  only  be  small  and  not  worth  the 
efforts  of  opening  and  closing  valves  to  suit  the  changing  flows.  Therefore, 
the  most  benefit  may  arise  from  a  better  understanding  of  the  plant  unit 
operations. 

(c)  Filter  Turbidity  Monitoring 

The  present  filters  at  Lakeview  do  not  have  individual  turbidimeters  to  monitor 
each  filter's  performance. 

We  recommend  that  each  filter  or  each  group  of  filters  be  monitored  by 
continuous  flow-through  turbidimeters.  Individual  filter  effluent  monitoring 
enables  early  detection  of  any  increased  filter  turbidity  value.  With  the 
present  operation  of  monitoring  the  combined  filter  effluent  (high  lift 
discharge),  an  individual  filter  may  operate  for  some  time  with  an  elevated 
effluent  turbidity  before  the  combined  filter  effluent  turbidity  increases. 
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(d)      Turbidity  Profile 

One  of  the  most  useful  sets  of  information  to  control  and  optimize  the  operation 

of  a  water  treatment  plant  is  a  Turbidity  Profile  through  the  plant.   The 

location  for  these  turbidity  readings  is  Raw,  Settled  and  Filter  Effluent  for 
each  "Section"  of  the  plant. 

We  recommend  that  the  collection  of  this  information  be  maintained  separately 

for  each  "Section"  of  the  plant.  These  two  sets  of  data  allow  a  comparison 

between  the  performance  of  Section  1  and  Section  2.  Care  should  be  taken  to 
assure  that  the  data  are  collected  by  comparable  means. 
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SECTION  F 
PLANT  PERFORMANCE  (DISINFECTION) 


SECTION  F 

PLANT  PERFORMANCE  (DISINFECTION) 

F.I      Disinfection 

At  the  Lakeview  Water  Treatment  Plant,  disinfection  is  carried  out  by  adding 
chlorine  to  the  raw  water  in  the  intake  surge  well  to  achieve  a  free  residual  of 
approximately  1.5  to  2.2  mg/L  in  the  low  lift  pump  suction  well.  The  data 
listed  in  Table  3.0  shows  that  the  monthly  average  pre-chlorine  dosage  varies 
from  2.20  to  3.30  mg/L. 

Superchlorination/dechlorination  has  been  used  since  October  1982  to  control 
taste  and  odour  at  the  Lakeview  plant.  Consequently,  after  f locculation, 
settling,  and  filtration,  ammonia  and  sulphur  dioxide  are  added  at  a  "common 
point"  where  the  filtered  water  enters  the  clearwells.  Ammonia  converts  the 
free  chlorine  to  combined  chlorine,  and  sulphur  dioxide  lowers  the  total 
chlorine  residual . 

Data  from  Tables  6.0-6.3  show  that  the  monthly  average  total  chlorine  residual 
measured  at  the  common  chemical  application  point  prior  to  the  clearwells  ranged 
from  0.7  to  1.2  mg/L.  Typically  the  water  leaving  the  Lakeview  WTP  has  a  free 
chlorine  residual  of  0.1-0.2  mg/L  and  can  be  as  low  as  0.0  mg/L  or  as  high  as 
0.4  mg/L.  The  total  chlorine  residual  leaving  the  plant  ranges  from  0.6  to  1.3 
mg/L. 

The  Ontario  Ministry  of  the  Environment  notes  that  there  are  wide  shifts  in 
chlorine  dosages  and  residuals,  and  feels  there  should  be  more  accurate  control 
of  the  chlorination  system. 

The  bacteriological  sampling  procedure  followed  at  the  Lakeview  plant,  and  the 
procedure  used  for  handling  a  positive  sample  are  documented  in  Appendix  F. 

F.2     Disinfection  Efficiency 

The  Ontario  Drinking  Water  Objectives  (0DW0)  criteria  for  microbiological 
quality  of  distributed  water  quality  can  be  summarized  as  follows  for  Total 
Coliforms  (TC),  Fecal  Coliforms  (FC)  and  Fecal  Streptococcus. 
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F.2  Disinfection  Efficiency  (cont'd) 

1.  Unsafe  Water  Quality 

a)  Total  coliform  bacteria;  when  determined  by  the  membrane  filtration 
(MF)  or  most  probable  number  (MPN)  method  should  not  be  present  in 
densities  of  5  or  more  organisms  per  100  mL.  When  determined  by 
the  Presence/Absence  (P/A)  procedure,  the  water  should  not  give 
positive  results  within  48  hours. 

b)  Fecal  coliform  bacteria;  should  not  be  detected  in  any  sample  by 
any  of  the  methods. 

2.  Poor  Water  Quality 

a)  Aeromonas  bacteria;  when  present  at  levels  below  5  organisms  per 
100  mL  by  MF  or  MPN  tests,  they  should  not  occur  in  more  than  25% 
of  samples  from  a  single  submission,  nor  in  successive  submissions 
from  the  same  sampling  site  and  not  in  more  than  10%  of  all  samples 
per  month. 

b)  Fecal  Streptococcus  bacteria;  should  not  be  detected  in  any 
sample. 

Tables  7.0  to  7.3  in  Appendix  A  summarize  the  available  raw  and  treated  water 
microbiological  data  for  the  Lakeview  plant. 

Bacteriological  data  for  the  distribution  system  was  only  available  for  the 
system  as  a  whole  and  was  not  broken  down  specifically  for  Lakeview  WTP. 
However,  a  review  of  this  data  showed  that  the  bacteriological  quality  of  the 
distributed  water  was  similar  to  the  treated  water. 
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F.2     Disinfection  Efficiency  (cont'd) 

The  data  of  Tables  7.0  to  7.3  for  January  1983  to  July  1986  show  that  the 
microbiological  quality  of  the  water  leaving  the  plant  is  generally  good. 
However,  about  12%  of  the  Total  Coliform  tests  gave  a  result  of  "present"  as 
measured  by  the  Presence/Absence  test.  The  P/A  test  used  is  the  96  hour  test. 
About  7%  of  these  positive  tests  occurred  in  consecutive  samples;  which  are 
defined  to  be  occasions  where  there  is  "poor  quality"  water.  These  occasions, 
29  in  all,  were  usually  sporadic.  The  exception  was  in  July  of  1985,  where  19 
of  39  tests  gave  a  result  of  "present",  and  there  were  six  occasions  with  two  or 
more  consecutive  results  of  "present".  Clearly,  these  occurrences  must  be 
understood  and  the  causitive  factors  corrected. 

For  Fecal  Coliforms  and  Fecal  Streptococcus,  the  data  were  limited,  with  most  of 
the  testing  carried  out  on  raw  water.  There  were  three  occasions  in  1983  where 
Fecal  Coliforms  were  found  to  be  "present"  in  the  treated  water.  The  presence 
of  Fecal  Coliforms  in  drinking  water  is  defined  by  the  0DW0  as  indicating  the 
water  is  unsafe  and  that  special  sampling  to  confirm  the  positive  result  is 
needed.  For  the  two  occasions  in  1983  where  Fecal  Coliforms  were  detected  as 
"present",  subsequent  samples  of  treated  water  showed  that  Total  Coliforms  were 
"absent"  by  the  P/A  test. 

In  Gore  &  Storrie's  opinion,  the  chlorine  feed  system  seems  to  function 
adequately  but  nevertheless,  significant  bacterial  counts  occur.  An 
investigation  into  possible  explanations  for  the  positive  counts  should  be 
conducted.  The  following  factors  should  be  investigated:  bacteriological 
sampling  methods,  test  procedures,  and  efficiency  of  chlorine  transfer  into  the 
water  by  examining  flow  regimes,  contact  times,  and  any  other  factors  which  may 
influence  the  chlorine  transfer. 
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F.3  Chlorinated  By-Products 

TRIHALOMETHANES 

Trihalomethanes  (THM's)  are  the  most  widely  occurring  organics  found  in  drinking 
water,  and  they  also  appear  at  the  highest  concentrations.  The  principal  source 
of  THM's  in  drinking  water  is  the  chemical  interaction  of  chlorine  added  for 
disinfection,  with  humic  and  fulvic  substances  that  occur  naturally  in  the  raw 
water.  There  is  some  evidence  that  THM's  are  carcinogenic.  The  Ontario 
Drinking  Water  Objective  for  THM's  is  350  ug/L. 

The  data  shown  in  Table  F.l  indicate  that  low  levels  of  trihalomethanes  (THM's) 
occur  in  the  water  plant's  treated  water.  Total  THM  values  were  determined  by 
the  Drinking  Water  Surveillance  Program  using  the  purge  and  trap  method,  and, 
from  May  1984  to  July  1986  the  average  total  trihalomethane  (TTHM)  value  in  the 
plant  effluent  was  32  pg/L.  This  is  about  an  order  of  magnitude  less  than  the 
guideline  of  350  pg/L.  The  highest  value  measured  was  57  ug/L  and  occurred  in 
September  1985. 

As  discussed  in  Section  D.2  (b),  the  Lakeview  plant  practices  super-chlorination 
and  adds  the  total  chlorine  dosage  to  the  raw  water.  In  theory,  the  level  of 
TTHM's  in  the  treated  water  could  be  lowered  by  delaying  chlorination  until 
after  settling.  The  Lakeview  plant  has  a  low  average  TTHM  concentration  of 
30-35  ug/L,  and  therefore,  the  possible  reduction  in  TTHM  concentration  which 
may  occur  by  delaying  chlorination  would  be  minimal. 

A  comparison  of  chloroform  levels  in  the  treated  and  distributed  water  over  long 
time  intervals  is  reasonable.  Chloroform  concentration  data  for  several 
locations  indicate  that  there  was  no  appreciable  increase  in  chloroform  levels 
in  the  distribution  system.  The  average  value  of  chloroform  was  17  yg/L  for 
four  distribution  system  locations  whereas  the  average  in  the  plant  effluent  for 
the  same  time  period  was  15  ug/L.  Therefore,  there  does  not  appear  to  be  a 
significant  increase  in  TTHMs  during  distribution. 
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F.3   Chlorinated  By-Products  (cont'd) 

TOTAL  ORGANIC  HALIDES 

The  terms  of  reference  require  consideration  be  given  to  the  reduction  of 
chlorinated  by-products  in  the  treated  water.  There  was  no  complete  set  of 
information  on  the  total  concentrations  of  all  organohalogen  compounds. 

It  is  our  opinion  that  a  broader  measurement  of  chlorinated  by-products  should 
be  considered  and  possibly  a  surrogate  measurement  should  be  utilized.  Although 
there  is  not  general  agreement  in  the  field  which  surrogate  measurement  should 
be  used,  the  measurement  should  report  the  sum  total  of  all  the  organic  halogen 
compounds. 
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TABLE  F.I 
Trihalomethane  Data  for  Lakeview  WTP 


JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 


1     1984         1985         1986 

1   R      T      R      T      R      T   i 

1       1       1       1       1       1       1 
Chloroform,  ug/L      1      1      1   ND  1   13  1   ND  1   10  1 
(CHCI3)               1      1      1   ND  1   10  1   ND  1   11  1 

1       1       I   ND  1   16  I   ND  I   10  1 
1   ND  1   16  1   ND  I   11  1 
1   ND  I   11  I   ND  1   12  1   ND  I   23  1 
1   ND  1   30  1   ND  1   14  1   ND  1   18  1 
1   ND  I   18  1   ND  I   17  I       1   10  1 
1   ND  1   20  1   ND  1   22  1      1 
1   ND  1   20  1   ND  1   30  1      1 
1   ND  1   15  I   ND  1   11  1       1 
1   ND  1   25  1   ND  1   21  1      1 
1   ND  I   16  1   ND  I   18  1 

Bromodichloromethane, 1            1   ND  1    8     ND     8 
yg/L  (CHBrCl2)        1      1      1   ND  1    8  1   ND  1    9  1 

I       I       I   ND  I    7  |   ND  1    8  1 
1   ND  1    8  1   ND  1    8  1 
1   ND  1    4  1   ND  1    8  1   ND  I   15  I 
I   ND  I    9  1   ND  I    9  1   ND  I   10 
1   ND  1    5  1   ND  1    9  1          9  1 
1   ND  1    6  1   ND  1   10  1       1 
1   ND  1    6  1   ND  I   14  I       I 
1   ND  1    5  1   ND  I   10  1       1 
I   ND  1   14  I   ND  1   12  1       1 
I   ND  1   11  1   ND  I   11  1 

Chlorodibromomethane, 1           1   ND  1    4  1   ND  1    8  1 
Ug/L  (CHBr2Cl)        1      1      1   ND  1    4  1   ND  1   10  1 

I            1   ND  1    2  1   ND  1    9  1 
1      1      I   ND  1    2  1   ND  1    7| 
1   ND  I    6  1   ND  1    4  t   ND  1    7  j 
1   ND  1    6  1   ND  1    4  1   ND  1    4  I 
1   ND  I    4  I   ND  I    4  1       I    7| 
1   ND  1    5  1   ND  I   11  I 
1   ND  1    5  1   ND  I   13  I 
1   ND  I    4  1   ND  1   12  I       | 
1   ND  1    5  1   ND  1    7  1       I 
1   ND  1    5  1   ND  1    9  1 

Bromoform,  ug/L         ND    ND     0      0     ND    ND 
(CHBr3>               |   ND  1   ND  1    0  1    0  1   ND  1   ND  1 

I   ND  1   ND  1    0  1    0  1   ND  I   ND  I 
1   ND  1   ND  1    0  1    0  1   ND  1   ND  I 
1   ND  1   ND  1   ND  1   ND  I   ND  1   ND  1 
I   ND  1   ND  1   ND  1   ND  I   ND  1   ND  1 
I   ND  1   ND  1   ND  I   ND  1         ND 
1   ND  1   ND  1   ND  1   ND  I 
1   ND  j   ND  I   ND  1   ND  1       1 
1   ND  1   ND  1   ND  1   ND  I       1 
1   ND  1   ND  1   ND  1   ND  I       I 
I   ND  1   ND  1   ND  1   ND  1 
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TABLE  F.I  (cont'd) 


JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

AVG. 

RNG, 


|     1984         1985         1986    I 

|   r     T      R      T      R      T   | 

Total  THM's,  pq/L                            25            2&  1 

1       1   22  1      1   30  | 

1       1   25  1      1   27  | 

1      1   26  1      1   26  I 

|   21  1      1   24  1      1   45  I 

|   45  1      1   27  1      1   32  I 

|   27  1       1   30  1       1   26  | 

I   31  1       1   45  1       1      | 

I   31  1      1   57  1      1      | 

I   24  1      1   33  1      1      | 

|   44  1       1   40  1       1      | 

32           38              1 

Total  THM's,  ug/L             32           33           30 
Total  THM's,  pg/L           121-451      122-57  1      126-451 

NOTE:   Values  obtained  from  MOE  Drinking  Water  Surveillance 
Program  data. 
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TABLE  F.2 


Chloroform  Levels* 


LOCATION 

MONTH 

1 

2 

3 

January 

15 

17 

February 

10 

9 

9 

March 

16 

13 

15 

April 

17 

16 

16 

May 

13 

13 

14 

June 

14 

11 

13 

July 

20 

19 

20 

August 

24 

20 

23 

September 

25 

22 

24 

October 

9 

10 

9 

November 

29 

27 

26 

December 

22 

19 

*  Taken  at  three  locations  in 
the  South  Peel  distribution 
system  during  1985. 

Location  1:  31  Newstead  Cr. 
2:  3480  Wagondust 
3:  3788  Morningstar 
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SECTION  G 
SHORT  AND  LONG-TERM  MODIFICATIONS 


SECTION  G 

SHORT  AND  LONG-TERM  MODIFICATIONS 

G.1     Description 

This  section  includes  feasible  short  and  long-term  process  modifications 
required  to  approach  optimum  disinfection  and  particulate  removal.  It  is 
important  to  understand  that  optimization  of  selected  process  steps  may  be  in 
conflict  with  other  aspects  of  the  plant,  such  as  staffing  and  budgeting  costs. 
Estimated  costs  for  each  recommendation  are  also  included. 

The  following  short  and  long-term  recommendations  were  provided,  discussed, 
reviewed,  and  agreed  upon  at  the  plant  site  meeting. 

We  have  assigned  costs  for  each  of  the  recommended  works.  Clearly,  these  costs 
may  be  reduced  if  the  Ministry  of  the  Environment  operational  staff  carries  out 
the  work. 

G.2     Chemical  Mixing 

There  are  two  ways  to  mix  chemicals  into  the  main  process  stream:  blending  and 
flash  mixing.  Blending  consists  of  the  distribution  of  chemicals  uniformly 
throughout  the  body  of  the  process  stream  and  is  characterized  by  relatively 
high  velocity  gradients  of  greater  than  200  sec-1  for  periods  of  up  to  several 
minutes.  Flash  mixing  addresses  the  coagulation  concept  that  blending  must 
occur  within  a  very  short  period  of  time,  a  matter  of  seconds,  and  this  requires 
very  high  velocity  gradients  of  greater  than  1000  sec-1.  It  is  important  to 
recognize  the  difference  between  these  two  concepts  and  their  process 
implications.  Blending  mixing  is  to  ensure  that  the  process  components  will 
behave  uniformly.  Flash  mixing  has  been  espoused  by  some  researchers  in  water 
chemistry  as  improving  the  coagulation  process. 

There  is  no  flash  mixing  at  the  Lakeview  plant.  The  coagulant  is  added  to  the 
raw  water  in  the  surge  well.  As  discussed  earlier,  the  raw  water  flow  pattern 
is  such  that  unequal  chemical  distribution  occurs,  and  uniform  blending  of  the 
coagulant  does  not  occur.  Consideration  should  be  given  to  the  installation  of 
a  mixer  which  would  ensure  uniform  distribution  of  the  coagulant  throughout  the 
raw  water. 
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G.2     Chemical  Mixing  (cont'd) 

It  is  recommended  that  a  series  of  laboratory  tests  followed  by  plant  tests  be 
conducted  to  determine  the  relative  merits  of  blending  and  flash  mixing.  Should 
the  tests  prove  the  cost  benefit  of  both  or  either  form  of  mixing,  consideration 
should  be  given  to  installing  appropriate  units. 

This  work  can  be  carried  out  at  any  time.  The  cost  of  the  study  would  be 
approximately  $30,000,  and  two  in-line  blenders  could  cost  approximately 
$100,000  to  buy  and  install. 

G.3     Streaming  Current  Monitor  (SCM) 

Accurate  and  timely  adjustments  to  the  coagulant  feed  rates  are  vital  to  achieve 

optimum  particulate  removal.   The  present  time  lag  between  the  alum  feed 

adjustment  and  the  results  at  the  filter  inlet  is  several  hours.  The  purpose  of 

the  SCM  is  to  permit  a  response  to  changing  raw  water  conditions  in  a  few 
minutes. 

It  is  recommended  that  two  SCM's  be  installed  on  a  trial  basis,  one  for  each  raw 
water  header,  and,  if  the  merits  of  a  SCM  are  demonstrated,  that  SCM's  be 
purchased  and  installed  permanently. 

The  installation  of  the  two  SCM's  should  be  within  the  next  year.  The  cost  for 
the  two  SCM's  is  $20,000  to  $30,000,  depending  on  the  associated  equipment. 

G.4     Coagulant  Application  Point 

Alum  is  applied  into  the  surge  well  ahead  of  the  travelling  water  screens. 

It  is  recommended  that  separate  alum  feed  systems  be  installed  for  each  raw 
water  header.  The  construction  Contract  2,  which  is  presently  on  hold, 
includes  new  alum  metering  pumps  to  permit  separate  alum  feeds  to  each  raw  water 
header. 

The  estimated  cost  for  this  work  is  $30,000. 
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G.5     Coagulant  Aids 

Laboratory  testing  by  Gore  &  Storrie  Limited  on  the  Lakeview  raw  water 
demonstrated  that  the  use  of  a  polyelectrolyte  was  required  to  ensure  the  lowest 
possible  filtered  water  turbidity. 

It  is  recommended  that  a  laboratory  study  be  carried  out  to  pre-screen  the 

various  polyelectrolytes  available  for  use  as  coagulant  aids.  A  plant-scale 

pilot  program  should  be  conducted  for  various  seasons  of  the  year  using  the 
preferred  polyelectrolytes  as  coagulant  aids. 

The  laboratory  study  can  be  conducted  immediately.  The  plant-scale  pilot 
program  should  be  delayed  until  the  SCM  is  installed. 

The  cost  for  equipment  to  carry  out  this  test  work  is  $30,000,  and  the  cost  of 
the  chemical  is  $20,000  to  $40,0000  for  a  one-year  test. 

G.6     Fluoride  Application 

Fluoride  and  alum  are  both  added  into  the  surge  well.  It  has  been  speculated 
that  alum  may  consume  part  of  the  fluoride  dosage. 

It  is  recommended  that  controlled  testing  be  'Conducted  to  determine  if  the 
present  method  of  adding  alum  and  fluoride  together  is  responsible  for  any 
fluoride  consumption.  If  the  alum  is  consuming  fluoride,  consideration  should 
be  given  to  moving  the  fluoride  injection  point. 

The  testing  can  be  conducted  immediately.  The  cost  of  the  testing  would  be 
$5,000  to  $10,000. 

G.7     Flocculation  Tank  Performance 

The  present  Lakeview  plant  has  four  groups  of  flocculation  tanks  serving  various 
parts  of  the  plant.  Each  group  of  tanks  have  different  characteristics  which 
include:  number  of  cells  per  set,  flow  patterns,  energy  gradients,  detention 
times,  ratio  of  dimensions,  etc. 
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G.7     Flocculation  Tank  Performance  (cont'd) 


It  is  recommended  that  plant  scale  tests  be  conducted  to  compare  the  operation 
nf   tho  uariniic  nr-nnn<:  nf  f 1 nrru 1  at i on  tanks. 


of  the  various  groups  of  flocculation  tanks. 


This  plant  scale  work  can  be  carried  out  at  any  time  due  to  the  numerous  groups 
of  tanks  with  different  characteristics.  The  cost  of  the  study  would  be 
approximately  $15,000. 

G.8     Filter  Media  Characteristics 

The  characteristics  of  filter  media  can  change  with  time.  Media  can  be  lost 
during  backwashing  and,  in  some  instances,  media  can  escape  through  support 
systems  and  end  up  in  the  clearwell.  The  anthracite  media  actually  breaks  up  by 
mechanical  abrasion  over  a  period  of  time. 

The  distance  from  the  filter  walkway  to  the  top  of  the  media  for  each  filter 
should  be  measured  and  recorded  once  every  year.  This  measurement  should  be 
carried  out  at  four  locations  in  each  filter  immediately  after  placing  the 
filter  back  on  line  following  a  backwash.  It  is  recommended  that  sieve  analysis 
and  grain  size  characterization  tests  be  conducted  on  each  filter  once  every 
five  years.  These  records  become  an  early  warning  of  media  problems. 

• 

G.9     Filtration  Rates 

Presently  at  the  Lakeview  Water  Treatment  Plant,  all  of  the  filters  do  not 
operate  all  of  the  time.  From  the  standpoint  of  particulate  removal,  the  ideal 
procedure  would  be  to  operate  all  of  the  filters  all  of  the  time  at  a  constant 
rate  to  satisfy  a  long-term  demand. 

It  is  recommended  that  plant  scale  tests  be  conducted  on  the  filters  to 
determine  the  magnitude  of  improvement  which  would  result  from  maintaining  lower 
constant  filter  flow  rates. 

The  plant  scale  tests  could  commence  immediately  and  should  extend  over  various 
seasons.  The  cost  of  this  work  would  be  minimal  since  the  majority  of  the  data 
would  be  available  to  the  Ministry  of  the  Environment  operational  staff.  An 
allowance  of  $5,000  should  be  made  to  interpret  the  data. 
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G.9     Filtration  Rates  (cont'd) 

The  Ministry  of  the  Environment  has  suggested  that  the  study  also  investigate 
the  merits  of: 

Filter-to-waste 

Filter  conditioning  (filter  aids) 
•  Ramping  a  filter  at  start-up 

G.10    Filter  Effluent  Turbidimeters 

The  use  of  filter  effluent  turbidimeters  enables  monitoring  of  individual  filter 
effluent  quality.  An  increased  filter  effluent  turbidity  can  be  detected  and 
the  filter  backwashed  before  any  significant  increase  in  plant  effluent  is 
observed. 

It  is  recommended  that  either  individual  filter  effluent  turbidimeters  or 
turbidity  monitoring  stations  be  installed  to  monitor  the  effluents  of  Filters 
1-18. 

This  work  should  be  scheduled  in  conjunction  with  automation  of  the  existing  18 
filters.  The  estimate  of  cost  would  be  $60,000  for  18  turbidimeters  or  somewhat 
lower  if  the  filters  are  monitored  in  groups.  The  Ministry  of  the  Environment 
suggests  that  the  Hach  1720C  units  be  installed  as  they  are  believed  to  require 
less  maintenance  and  have  better  transmitters. 

G.11     Turbidity  Profile 

It  is  believed  that  a  Turbidity  Profile  through  the  plant  is  a  useful  operating 
tool  which  provides  a  good  set  of  data  for  the  purpose  of  plant  performance 
review. 

It  is  recommended  that  a  turbidity  profile,  consisting  of  raw,  settled,  and 
filtered  turbidities,  be  recorded  on  every  filter  for  both  Sections  of  the 
plant.  The  profile  should  be  recorded  on  a  minimum  of  once  every  four  hours. 

This  recommendation  should  be  implemented  as  soon  as  possible. 
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G.12    Sampling  System 

Flow  velocities  in  sample  lines  should  be  maintained  high  enough  at  all  times  to 
prevent  settling  in  the  lines.  One  approach  to  maintaining  high  velocities  is 
to  pipe  the  sample  lines  so  that  the  bulk  of  the  sample  passes  the  sample  sink 
and  is  returned  to  the  process.  When  a  lab  sample  is  needed,  the  lab  tap  can  be 
turned  on  and  a  fresh  sample  obtained  from  the  continuously  flowing  sample 
line. 

It  is  recommended  that  the  sampling  system  be  re-designed  to  maintain  higher 
velocities  at  all  times.  This  sampling  system  work  may  be  conducted  in  part 
with  the  Ontario  Ministry  of  the  Environment  to  develop  a  combination 
DWSP/Lakeview  sampling  program. 

This  work  should  be  carried  out  immediately.  The  cost  of  this  work  would  be 
approximately  $30,000. 

G.I 3    Chlorination  Practices 

The  chlorine  feed  systems  at  the  plant  seem  more  than  adequate  to  ensure  proper 
disinfection,  yet,  on  occasion,  coliform  counts  are  experienced  in  the  treated 
water. 

It  is  recommended  that  a  study  be  conducted  to  investigate: 

(i)    the  transfer  of  chlorine  into  the  water;  and 
(ii)   the  bacteriological  test  procedures. 

The  investigation  should  develop  a  rationale  for  the  historical  occurrences  and 
provide  a  strategy  for  elimination  of  future  events. 

This  evaluation  should  be  initiated  immediately.  The  cost  of  the  study  would  be 
approximately  $25,000. 
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G.14  Chlorinated  By-Products 

It  is  our  opinion  that  a  broader  measurement  of  chlorinated  by-products  should 
be  considered.  Although  there  is  not  general  agreement  in  the  field  which 
surrogate  measurement  should  be  used,  the  measurement  should  report  the  sum 
total   of  all   the  organic  halogen  compounds. 

It  is  recommended  that  the  Province  of  Ontario  develop  a  surrogate  for 
chlorinated  by-products. 
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Boron               R 
(mg/L)              T 

1  Cadmium              R 
1  (mg/L)              T 

00 
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Ol 

CO 
Q. 


c 
o 

o 

If) 

LU 

—I 
00 
< 

I- 


DRINKING  I 
WATER  OBJ.  I 
GUIDELINE1  I 

0.05      1 
(mg/L) 

1        1 
(mg/L) 

0.2 
(mg/L) 

0.3 

(mg/L)    c 

0.05 
(mg/L) 

0.05 
(mg/L) 

(ug/L) 

z 
o 

h- 

DWSF 

DETEC1 

LIM1 

0.001 
(mg/L) 

0.5 

(ug/L] 

0.5 
(ug/L1 

0.001 
(mg/L 

0.02 
(mg/L 

0.005 
(mg/L 

0.5 

(ug/L 

0.5 

(ug/L 

0.01 
(ug/L 

0.002 
(mg/L 

00 

< 

1 
0.0051 
0.0021 

0.004 

- 

0.066 
0.007 

0.89 
0.02 

0.005 

0.035 
0.002 

0.004 
0.002 

0.02 
0.04 

0.008 
0.003 

3EI 

0.0011 
0.0011 

0.022 
0.003 

0.11 

0.008 
0.001 

0.003 
0.002 

X 

1 
0.0131 
0.0021 

0.011 

- 

0.150 
0.007 

- 
- 

4.1 
0.024 

0.033 

0.140 
0.002 

0.008 
0.002 

0.050 
0.070 

0.026 
0.003 

m 

00 

.—i 

CD 

0.005 
0.002 

0.002 
0.001 

0.080 
0.005 

1.1 
0.07 

0.006 
0.004 

0.001 
0.001 

0.035 
0.030 

0.002 
0.002 

0.001 

0.035 
0.002 

0.05 

0.003 
0.002 

0.001 
0.001 

0.01 
0.002 

X 

21 

1 
0.014 
0.006 

0.003 
0.001 

0.160 
0.017 

5.5 
0.14 

0.018 

0.17 
0.015 

0.002 
0.002 

0.070 
0.080 

0.006 
0.003 

00 

en 

i— 1 

CD 

0.002 
0.002 

0.001 
0.001 

0.045 
0.005 

0.25 
0.08 

0.003 
0.003 

0.012 
0.006 

0.001 
0.001 

0.002 
0.002 

0.001 
0.001 

0.001 
0.001 

0.015 
0.003 

0.050 
0.020 

0.003 
0.003 

0.005 
0.005 

0.001 
0.001 

0.002 
0.001 

X 

2: 

0.004 
0.003 

0.001 
0.001 

0.081 
0.006 

0.680 
0.110 

0.004 
0.003 

0.027 
0.010 

0.002 
0.002 

0.004 
0.003 

t/-> 

_J 
t— 

UJ 

-a 

c 
o 

Chromium            R 
(mg/L)              T 

Cobalt              R 
(mg/L)             T 

Copper              R 
(mg/L)              T 

Cyanide             R 
(mg/L)              T 

Iron                R 
(mg/L)              T 

Lead               R 
(mg/L)              T 

Manganese            R 
(mg/L)              T 

Molybdenum           R 
(mg/L)             T 

Mercury              R 
(ug/L)              T 

Nickel              R 
(mg/L)              T 

00 


o 
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en 
<o 


C 

o 
o 

LO 


GO 
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DRINKING   | 
WATER  OBJ.  I 
GUIDELINE1  I 

0.01 
(mg/L) 

0.02 

(mg/L)    tl 

5        1 
(mg/L)    hi 

10       1 
(ug/L)    h| 

1  350 
(ug/L)   ++ 

1  3 
(ug/L)   h 

1  100-300 

(ng/L)   h*l 

DWSP    1 
DETECTION  I 
LIMIT 

0.001 
(mg/L) 

0.001 
(mg/L) 

0.002 
(mg/L) 

0.5 

(ug/L) 

0.001 

(ug/L) 

(ug/L) 
(ug/L) 
(ug/L) 
(ug/L) 

00 

cm 
i— i 

C3 

0.18 
0.17 

0.003 

0.015 
0.003 

2: 

0.16 
0.16 

0.007 

X 

0.19 
0.19 

0.01 

0.035 
0.006 

LO 

00 
CM 

*-H 

> 
< 

0.165 
0.169 

0.002 

0.013 
0.008 

z 

0.150 
0.150 

0.003 

X 

•< 

2: 

0. 180 
0.180 

0.005 

0.047 
0.033 

00 
CM 

r— ( 

CD 

> 

0.15 
0.15 

- 
- 

0.011 
0.003 

- 
- 

- 
- 

- 
- 

- 
- 

z 

0.092 
0.11 

0.002 
0.002 

X 

3T 

0.18 
0.18 

0.002 

0.019 
0.004 

00 

_l 

LU 

3Z 

T3 

+-> 
C 
O 

u 

Selenium             R 
(mg/L)              T 

Strontium           R 
(mg/L)              T 

Tin                R 
(no  units  available)    T 

Uranium             R 
(mg/L)              T 

Vanadium             R 
(mg/L)              T 

Zinc                R 
(mg/L)              T 

PURGEABLES 

Benzene              R 
(ug/L)              T 

Bromoform            R 
(ug/L)            T 

Carbon  Tetrachloride    R 
(ug/L)              T 

Chlorobenzene         R 
(ug/L)             T 
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LO 
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n3 
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c 
o 

o 

LO 


GQ 
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DRINKING  I 
WATER  OBJ.  | 
GUIDELINE1  I 

350 

(ug/L)   ++| 

350 

(ug/L)   ++| 

400 

(ug/L)    el 

400 

(ug/L)    e 

400 

(ug/L)    e 

350 

(ug/L)   ++ 

10 

(ug/L)    h 

0.3 

(ug/L)   h 

z 
o 

t— 

(/l  <_>  z 

3  LU  — 1 

O  t—  — 1 
LU 

ug/L) 
ug/L] 
ug/L 
[ug/L 
[ug/L 
[ug/L 
[ug/L 
[ug/L 
[ug/L 
[ug/L 

o 

LO 
00 
Ol 

r— 1 

CO 

> 

•C     1            CO.  1                       1                       1                       1             VD     1                       1                       1                       1 

•    l«l                  1                   1                  1*1                  1                   1                   1 
ir^iicoiiiiiiiiiiiCTiiiiiiiiiiiii 

1           T— 1     1                     i                     i                     i                      i                     i                     i                      i 

z 

4.0 
10.0 

8.0 

X 
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23.0 

15.0 

LO 
00 
Ol 
<— 1 

CD 

6.3 
16.7 

9.5 

z 

O     I           O     1                    I                    1                    1                    1                    I                    1                    1 

•  i         •   i             i             i             i             i             i             i             i 
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X 

13.0 
30.0 

14 

00 

I— 1 

CO 

> 

5.0 
19.4 

7.5 

4.0 
11.0 

4.0 

X 

6.0 
30.0 

14.0 

1                               ~^ 

1        PURGEABLES 
1         (cont'd.) 

j  Chlorodlbromomethane    R 
(ug/L)              T 

I  Chloroform           R 
1  (ug/L)              T 

1  1,2-Dichlorobenzene    R 
(ug/L)            T 

1,3-Dichlorobenzene    R 
(ug/L)            T 

1,4-Dichlorobenzene    R 
(ug/L)              T 

Dichlorobromomethane    R 
(ug/L)              T 

1,1-Dichloroethane     R 
(ug/L)              T 

1,2-Dichloroethane     R 
(ug/L)              T 

1,1-Dichloroethylene    R 
(ug/L)              T 

T,l,2-Dichloroethylene  R 
(ug/L)              T 
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o 
o> 
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o 

o 
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m 
< 
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DRINKING   I 
WATER  OBJ.  | 
GUIDELINE1  | 

40 

(ug/L) 
1400 

(ug/L) 

620 

(ug/L)    cl 

620 

(ug/L)    cl 

620        I 
(ug/L)    cl 

100       1 
(ug/L)    c] 

1.7 

(ug/L)    e 

10 

(ug/L)    h 

DWSP    1 

DETECTION  I 

LIMIT   I 

_il      _il       _il            !      Zl\      _ii      -ii       -J'       ^  '       ^ 
■*"»'      ^  ■      —  •           i      ^  i      **■»  •      **•  !       ~        ^        ^i 

Oil            Oil            Oil                    1            Oil            Oil            Oil            Oi                Oi                Oi 
31             31             31                     1             31             31             3'_,_._i 

to 

00 

en 
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UJ 

Q 

1       1      1       1       1       1       1       1       1       1       1       1       1       1       1       1      1      1      1      1      1       1       <              'I 

> 
O 

z 

1       1      1       I       1       1       1       1       1       1       1       1       1       1       1       1      1      1      1      1      t       1       1       1       •       1 

1— 
<_> 
o 

1       1       1       1       1       1       1       1       1       1       1       1       1       1       1              1       1       1       1       1 

ID 

00 

UJ 

1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       >       1       1       1 

CO 

< 

1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1 

=3 

1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1 

00 

*—i 

z 

•"3 

1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1 

>- 

<c 

2: 

1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1 

a: 
a. 

6.0 

_ 

1 

I        PURGEABLES 
1         (cont'd.) 

i  Dichloromethane        R 
(ug/L)               T 

I  1,2-Dichloropropane    R 
(ug/L)               T 

1  Ethylbenzene          R 
(ug/L)            T 

1  Ethylene  Dibromide     R 
(ug/L)              T 

1  M-Xylene             R 
(ug/L)               T 

1  0-Xylene             R 
1  (ug/L)              T 

1  P-Xylene             R 
1  (ug/L)               T 

Toluene              R 
(ug/L)               T 

1,1,2,2-Tetra-        R 
chloroethane  (ug/L)     T 

Tetrachloroethane      R 
(ug/L)               T 

CD 


O 
CO 

(U 

CD 

<d 
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C 

o 
_o 

o 
in 

UJ 

—i 

CD 
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DRINKING 
WATER  OBJ. 
GUIDELINE1 

1000 
(ug/L)    c 

(ug/L)    e 

30 

(ug/L)    h 

350 

(ug/L)   ++ 

700 

(ng/L)   ** 

700 

(ng/L)    c 

700 

(ng/L)  *** 

300 

(ng/L)    c 

700 

(ng/L)   ** 

z 
o 

>— • 

(— 

IOUZ 

3  UJ  •— • 

O  1—  —1 

UJ 

ug/L] 
ug/L1 
ug/L 
,ug/L 
ug/L 

>g/L 

>g/L 

> 

;ng/L 

ng/L 

> 

ng/L] 

10 

CD 

a* 

■-i 

CD 

> 

30.3 

3.4 
3.6 

z 
2: 

26.0 

2.0 
2.0 

X 

< 
2: 

45.0 

5.0 
5.0 

in 

CO 

cr> 

■-i 

CD 

;> 

29.4 
1.2 

z 

2! 

1    1    1    1    1    1    1    1    1    1    1    1    1    1    1            1    1    1    1    1    1    1    1    1    1    1    1    1    1 

X 

2: 

57.0 

4.0 
4.0 

CO 
CD. 

CD 

> 

1              1               1               1               1                        1   en  co    1               1               1 
1     1     1     1     1     1     1     1     1     1     1     1     1     1     1               1     1     1      «•    1     1     1     1     1     1     1     1     1 

1                      1                       1                       1                       1                                      1     CO  CO     1                       1                       1 

1                                                     1001 

1     1     1     1     1     1     1     1     1     1     1     1     1     1     1              1     1     1      .«    1     1     1     1     1     1     1     1     1 

1              1              1               1               1                        1  1— 1 1— 1    1               1               1 

X 

< 

2: 

1   O  0    1               1               1 
1     1     1     1     1     1     1     1     1     1     1     1     1     1     1              1     1     1      .«    1     1     1     1     1     1     1     1     1 
1               1               1               1               1                         1   in  in    1               1               1 

1 

1        PURGEABLES 
1         (cont'd.) 

j  1,1,1-Trichloroethane   R 
(ug/L)              T 

I  1,1,2-Trichloroethane   R 
1  (ug/L)              T 

Trichloroethylene      R 
(ug/L)             T 

Total  Trihalomethanes   R 
(ug/L)             T 

Trif luorochloro-       R 
toluene  (ug/L)         T 

ORGANOCHLORINES 

Aldrin               R 
(ng/L)               T 

Alpha  BHC             R 
(ng/L)               T 

Alpha  Chlordane        R 
(ng/L)               T 

Beta  BHC             R 
(ng/L)               T 

Dieldrin             R 
(ng/L)               T 
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_o 

o 
in 

LU 

I 

m 
< 
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DRINKING   I 
WATER  OBJ,  I 
GUIDELINE1  | 

200 
(ng/L) 

700 

(ng/L)  ***| 

3000 

(ng/L)  +++I 

3000 

(ng/L)  +++I 

10 

(ng/L)    hi 

19000      I 
(ng/L)    e| 

4000       1 
(ng/L) 

100000 
(ng/L) 

DWSP    1 

DETECTION  1 
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ZE. 

1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1          II           II 

X 
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1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1     1 

X 

2: 

i               i               i               i   in         i               i        O    i               i                i 

1       1       1       1       1       1       1       1       1       1       1       1    CM     1       1       1       1       1       1        *     1       1       1       1       1       1       1       1       1 
1                       1                       1                       1     CM             1                       1            ID     1                       1                       1 

CO 

en 

CD 

i                            i        vo    !                            i 
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z 
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X 

<c 

Si 

O    I 

1     1     1      1      1      1     1     1     1     1     1     1     1     1     1     1     1     1     1      >    1     1     1      1      1      1      1      1      1 

1                       1                       1                       1                       1                       1            ID     1                       1                       1 

1       ORGANOCHLORINES 
1         (cont'd.) 

1  Endrin               R 
(ng/L)               T 

1  Gamma  Chlordane        R 
(ng/L)               T 

I  Heptachlor  Epoxide     R 
(ng/L)               T 

I  Heptachlor           R 
(ng/L)               T 

1  Hexachlorobenzene      R 
(ng/L)               T 

I  Hexachlorobutadiene     R 
1  (ug/L)              T 

1  Hexachloroethane       R 
1  (ng/L)               T 

Lindane              R 
(ng/L)               T 

Methoxychlor          R 
(ng/L)               T 

Mirex               R 
1  (ng/L)               T 
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00 
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GUIDELINE1 
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1 

1       ORGANOCHLORINES 
1         (cont'd.) 

1  Octachlorostyrene      R 
(ng/L)              T 

1  0.P-DDT              R 
(ng/L)               T 

1  Oxychlordane          R 
1  (ng/L)               T 

PCB  Total             R 
(ng/L)               T 

1  Pentachlorobenzene     R 
(ng/L)              T 

1  P.P-DDD              R 
(ng/L)               T 

1  P.P-DDE               R 
(ng/L)                T 

1  P.P-DDT               R 
(ng/L)                T 

1,2,3,4-Tetra-        R 
chlorobenzene  (ng/L)    T 

1,2,3,5-Tetra-        R 
chlorobenzene  (ng/L)    T 
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DRINKING 
WATER  OBJ. 
GUIDELINE1 
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(mg/L) 

(mg/L) 
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(mg/L) 

0.03 
(mg/L)    c 

0.05 
(mg/L) 

0.05 
(mg/L) 

(ug/L) 

DWSP 
DETECTION 
LIMIT    | 

0.001 
(mg/L) 
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(mg/L) 
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(mg/L1 
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0.003 
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0.004 

- 
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0.794 
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0.008 
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0.031 
0.002 

0.002 
0.001 

0.045 
0.040 

0.007 
0.002 

> 
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0.001 
0.001 

0.001 

0.022 
0.002 

0.110 
0.003 

0.003 

0.008 
0.001 

0.001 
0.001 

0.010 
0.010 

0.002 
0.002 

(— 
0 
0 

1 
0.0131 
0.002 

0.011 

— 

0.150 
0.007 

4.100 
0.024 

0.033 

0.140 
0.002 

0.008 
0.002 

0.120 
0.100 

0.026 
0.003 

Q. 
LlJ 
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0.002 

0.002 
0.001 

0.077 
0.005 
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1.111 
0.039 

0.005 
0.003 

0.036 
0.004 

0.001 
0.001 

0.038 
0.038 

0.003 
0.002 

C3 
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0.001 
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0.001 

0.035 
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0.003 
0.003 

0.004 
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0.001 
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_l 
ID 
"""3 

0.014 
0.006 

0.003 
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0.160 
0.017 

5.500 
0.140 

0.018 
0.004 

0.170 
0.015 

0.002 
0.002 
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0.100 
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0.003 

Z 
Z3 

0.002 
0.002 
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0.001 

0.044 
0.005 

0.250 
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0.003 
0.003 

0.012 
0.006 

0.001 
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0.003 
0.002 

3- 
< 
2: 

0.001 
0.001 
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0.001 

0.015 
0.003 

0.050 
0.020 

0.003 
0.003 

0.005 
0.005 

0.001 
0.001 

0.002 
0.001 

Q. 

< 

0.004 
0.003 

0.001 
0.001 

0.081 
0.006 

0.680 
0.400 

0.004 
0.003 

0.027 
0.010 

0.002 
0.002 

0.004 
0.003 
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I         (cont'd.) 

i  Chromium             R 
1  (mg/L)              T 

1  Cobalt              R 
1  (mg/L)              T 

1  Copper              R 
1  (mg/L)              T 

1  Cyanide             R 
(mg/L)              T 

I  Iron                R 
1  (mg/L)              T 

1  Lead                R 
1  (mg/L)              T 

1  Manganese            R 
(mg/L)               T 

1  Molybdenum            R 
1  (mg/L)               T 

Mercury              R 
(ug/L)              T 

Nickel              R 
(mg/L)              T 
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APPENDIX  B 
FILTER  BACKWASHING  GUIDELINES  AND  PROCEDURE 


LAKEVIEW  WATER  TREATMENT  PLANT 

FILTER  BACKWASH  GUIDELINE 

Guideline  to  be  used  to  determine  when  a  filter  should  be  backwashed. 

1.  The  maximum  filter  run  is  72  hours. 

2.  The  maximum  filter  effluent  turbidity  is  1.0  N.T.U. 

3.  The  maximum  loss  of  head  set  at  2  metres  (approx.  6  feet). 

A  filter  must  be  taken  out  of  service  and  backwashed  whenever  any  of 
the  above  conditions  are  met.  Also,  any  filter  that  is  taken  out  of 
service  should  be  backwashed  and  left  in  a  clean  condition  ready  for 
use  when  required. 

A  filter  suspected  of  having  faulty  loss  of  head  or  turbidity 
readings  should  be  backwashed  at  the  same  interval  of  time  as  the 
average  filter  run  hours. 

FILTER  BAC1CWASH  PROCEDURE 

1.  Inform  Senior  Operator  your  intention  to  backwash  a  filter.  The 
Senior  Operator  will  check  clear  well  level,  hydro  peak,  and  the 
filter  to  be  used  to  replace  the  filter  being  backwashed. 

2.  Switch  the  filter  rate  to  another  filter  to  compensate  for  the 
filter  being  washed. 

3.  Close  the  influent  valve  on  the  filter  to  be  washed. 

4.  Open  drain  valve  when  the  filter  water  level  gets  to  the  top  of 
the  washwater  troughs. 

5.  Shut  off  the  effluent  valve  when  filter  water  level  is  half-way 
between  the  washwater  troughs  and  the  surface  wash  sweeps. 

6.  Open  washwater  valve.   Note  flow  counter  on  control  panel. 

7.  Start  washwater  pump  on  low  wash  and  note  time.   Take  filter  hose 
and  wash  off  filter  walls  -  wash  troughs. 

8.  Open  surface  wash  valve  and  note  time.   When  the  water  level  gets 
near  the  top  of  the  washwater  troughs  switch  to  the  high  washwater 
rate. 

9.  About  8  minutes  time  into  the  wash. and  when  filter  begins  to 
have  clear  spots,  shut  off  the  surface  wash  valve  and  note  time. 

10.  Shut  off  the  washwater  pump  when  the  clarity  of  the  filter  slows 
up  to  where  added  washwater  isn't  justified  for  the  rate  of 
improved  clarity  of  the  water.   Note  time  and  amount  of  wash- 
water. 

11.  Close  washwater  valve. 

12.  Close  drain  valve. 

13.  Open  influent  valve  about  5  inches  to  refill  the  filter  and  not 
create  low  pressure  at  the  low  lift  pump  room. 

14.  When  the  water  level  in  the  filter  is  normal1  fully  open  the 
influent  valve. 

15.  Fill  in  backwash  information  on  Hourly  Filter  report. 

16.  Check  all  valves  to  ensure  they  are  left  in  the  proper  position. 
Report  faulty  equipment  or  unusual  water  conditions  to  the  Senior 
Operator  for  corrective  action.   Operator  must  stay  at  the  filter 
being  backwashed  to  be  ready  for  any  trouble. 


APPENDIX  C 
GRAPHICAL  TURBIDITY  DATA 
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APPENDIX  D 
JAR  TESTING 


LAKEVIEW  WTP 
Jar  Test  Procedure 

The  MSTS  test  procedure  which  was  used  for  all 
testing  carried  out  on  Lakeview  raw  water  was  as 
follows: 

1.  200  ml  sample. 

2.  Two  minutes  fast  mix. 

3.  Thirty  minutes  flocculation  mixing. 

4.  Thirty  minutes  settling  time. 

5.  Filtration  through  pre-filter,  followed  by  1.2 
ym  filter. 

The  MSTS  test  procedure  is  a  technique  developed  by 
Gore  &  Storrie  Limited  which  has  been  shown  to 
provide  overall  results  similar  to  full  scale 
conventional  plant  operations  consisting  of 
coagulation,  flocculation,  sedimentation  and  dual 
media  filtration. 


Gore  &  Storrie  Limited 


Page   1   of    1 


LABORATORY  RESULTS  SHEET 


DATE          PROJECT  DESCRIPTION                         JOB  NO.  1 

1  13  Oct/86   1  MOE  Water  Plant  Optimization  Study  -     1  380.60   1 
|            |  Lakeview  WTP                            1          | 

I  SAMPLE  NO.  &  DESCRIPTION 

1  Lakeview  Raw  Water:                                         1 
1  No.  1  -  Typical  raw  water  sample  collected  9  Sept/86           I 
I  No.  2  -  High  turbidity  raw  water  sample  collected  30  Sept/86    1 

1  SAMPLE  I  SAMPLE  1  SAMPLE  1  SAMPLE  1 
PARAMETERS         1  NO.  1   1  NO.  2   1  NO.     1  NO. 

pH                               7.70      7.74 

Colour  (TCU)                  <5       5-10 

Turbidity  (NTU)                1.55     54.0 
1  Alkalinity  (mg/L  as  CaC03>  1   96     1   97     I 

Hardness  (mg/L  as  CaC03 )    1  136     1  136 
1  Iron  (mg/L)                1         1         1         1         1 
1  Manganese  (mg/L)           1         1         1         1         1 

1  COMMENTS 

1                                1 
1  CONDUCTED  BY  WQ  .                 1  REVIEWED  BY  A^&                                    \ 

1                                    II 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO, 


1               1                                                                       1 

IDATE       IPROJECT  DESCRIPTION                           UOB  NO.  1 

II                                                 II 
18  Oct/86   IMOE  Water  Plant  Optimization  Study  -        1380.60 
lLakeview  WTP                               1 

1                                             1 

ITEST  DESCRIPTION 

1  Removal  of  Turbidity  with  Alum  -  Raw  Water  Sample  No.  1 

CHEMICAL 
I    |    DOSAGES    1       1 

UARl     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT 
INO.I               1  RATING  1 

I                        iTurb. 1  Colour  1  Alk.  lHard. 
|      Alum                 pH  1 (NTU) 1 (TCU)  1 (mq/L) 1 (mq/L) 1       1 

15             4         10.11     <5 

2  10             4         10.11     <5 

3  15            3    17.8110.08     <5      88     132 

4  20            3         10.06     <5 

5  25            3         10.0751   <5 

6  30            3         10.10     <5 

7  0                     11.55  1   <5 
1       1       1 

IRAW,  UNTREATED                11.55     <5      96     136 

ISAMPLE  TEMPERATURE               Start:    19CC     Finish:    19°C| 

1  COMMENTS 

1  Floe  Ratinq:               1  -  very  good 

2  -  good 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1                              1 
1  CONDUCTED  BY                      I  REVIEWED  BY                     I 

1                                    1                                  1 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO, 


1               1                                                             1 

IDATE       | PROJECT  DESCRIPTION                           I  JOB  NO. 
1            1                                               1 
117  Oct/86  IMOE  Water  Plant  Optimization  Study  -        1380.60 
I           lLakeview  WTP                               1 
1                                         1 

ITEST  DESCRIPTION 

1  Removal  of  Turbidity  with  Alum  and  Magnifloc  834A  Polymer  - 
1  Raw  Water  Sample  No.  1 

CHEMICAL   1 
1    1    DOSAGES    1       1 

IJARJ     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT 
1  NO.  1               I  RATING  1 

1          |                  |Turb. 1  Colour  1  Alk.  lHard.  1 
Alum    834A          pH  1 (NTU) 1 (TCU)  1 (mq/L) 1 (mq/L) 1 

1  15     0.1     3    17.8010.10     <5      89     132 

2  15     0.3     3         10.0751   <5 

3  15     0.5     3         10.09     <5 

4  15     0.7     3         10.0751   <5 

5  1   10     0.5     4         10.2251   <5 

6  10      0.3     4         10.25     <5 

7  10     0.1     4         10.25     <5 

IRAW,  UNTREATED                11.55     <5      96     136 

1  SAMPLE  TEMPERATURE               Start:    18°C     Finish:    19°C 

1  COMMENTS 

iFloc  Rating:               1  -  very  good 

2  -  good 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1 
1  CONDUCTED  BY                      1  REVIEWED  BY 
1                                  I 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO, 


1         !                                   1 

IDATE       | PROJECT  DESCRIPTION                           IJOB  NO. 
1            1                                               1 
120  Oct/86  IMOE  Water  Plant  Optimization  Study  -        1380.60 
1           lLakeview  WTP                               1 

1                                         1 

ITEST  DESCRIPTION 

iRemoval  of  Turbidity  with  Alum   and  Magnifloc  587C  Polymer  - 
1  Raw  Water  Sample  No.  1 

CHEMICAL 
1    I    DOSAGES    1        1 

UARl     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT 
INO.  I               1  RATING  1 

1             1           1 Turb. 1  Colour  1  Alk.  lHard. 
Alum    587C           pH  1 (NTU) 1 (TCU)  1 (mq/L) 1 (mq/L) 1 

1  10      0.1     4    17.8010.11     <5      91     132 

2  10      0.3     4         10.14     <5 

3  10      0.5     4         10.15     <5 

4  20      0.1     4         10.12     <5 

5  20      0.3     4         10.15     <5 

6  20      0.5     4         10.10     <5 
7 

IRAW,  UNTREATED                1 1.55     <5      96     136 

1  SAMPLE  TEMPERATURE               Start:    18°C     Finish:    19°C 

1  COMMENTS 

iFloc  Rating:               1  -  very  good 

2  -  good 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1 
1  CONDUCTED  BY                      I  REVIEWED  BY 

1                                   1 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO.     4 


II                                                         II 

IDATE       IPROJECT  DESCRIPTION                           1  JOB  NO .  1 
II                                                 II 
121  Oct/86  IMOE  Water  Plant  Optimization  Study  -        1380.60 
I          | Lakeview  WTP                              1        1 

1                                           1 

ITEST  DESCRIPTION 

1  Removal  of  Turbidity  with  Alum  and  Magnifloc  900N  Polymer  - 
1  Raw  Water  Sample  No.  1 

CHEMICAL   1 
1    1    DOSAGES    1        1 

UARl     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT     1 
INO.  1               I  RATING  1 

1       1       1       1     1 Turb. iColour 1  Alk.  lHard. 
Alum    900N          pH  1 (NTU) 1 (TCU)  1 (mq/L) 1 (mq/L) 1 

1  10      0.1     4    17.8010.08     <5      94     134 

2  10      0.3     3         10.11     <5 

3  10      0.5     3         10.10     <5 

4  20      0.1     3         10.09     <5 

5  20      0.3     2         10.10     <5 

6  20      0.5     2         10.11     <5 
7 

1                         1     1      1       1       1       1       1 
IRAW,  UNTREATED           1     11.55  1   <5   1   96   1  136   1       1 

III        1        1        1 

1  SAMPLE  TEMPERATURE               Start:    18°C     Finish:    19°Cl 

1  COMMENTS 

1  Floe  Rating:               1  -  very  good 

2  -  good 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1                              1 
1  CONDUCTED  BY                      1  REVIEWED  BY                     1 
1                                    1                                  1 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO.     5 


1               1                                                              1 

IDATE       | PROJECT  DESCRIPTION                           IJOB  NO. 
1            1                                               1 
117  Oct/86  IMOE  Water  Plant  Optimization  Study  -         1380.60 
1          lLakeview  WTP                              1 

1                                         1 

ITEST  DESCRIPTION 

1  Removal  of  Turbidity  with  Alum  -  Raw  Water  Sample  No.  2 

CHEMICAL   1 
1    |    DOSAGES    1        1 

UARl     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT 
INO.I               1  RATING  1 

iTurb. 1  Colour  1  Alk.  lHard. 
Alum                 pH  |(NTU)I(TCU)  1 (mq/L) 1 (mq/L) 1 

1  40             4           0.751  0-5 

2  50            3          0.551  0-5 

3  60            3    17.301  0.401  0-5     80     122 

4  70             4           0.651  0-5 

5  80            4          0.851  0-5 

6  90            4          0.971  0-5 
7 

IRAW,  UNTREATED                154.0    5-10     97     136 

1  SAMPLE  TEMPERATURE               Start:    18°C     Finish:    19°C 

1  COMMENTS 

iFloc  Ratinq:               1  -  very  qood 

2  -  qood 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1 
1  CONDUCTED  BY                      I  REVIEWED  BY 
1                                   1 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO.     6 


I                 1                                                                     1 

IDATE       | PROJECT  DESCRIPTION                           UOB  NO. 
1            1                                               1 
120  Jan/87  1 MOE  Water  Plant  Optimization  Study  -        1380.60 
I          lLakeview  WTP                              1 

1                                         1 

ITEST  DESCRIPTION 

iRemoval  of  Turbidity  with  Alum  and  Magnifloc  900N  Polymer  - 
1  Raw  Water  Sample  No.  2 

CHEMICAL   1 
1    1    DOSAGES    1       1 

UARl     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT 
INO.  I               I  RATING  1 

1    |                        iTurb. 1  Colour  1  Alk.  lHard. 

Alum    900N          pH  1 (NTU) 1 (TCU)  1 (mq/L) 1 (mq/L) I 

1  60     0.1     3    17.611  0.111  0-5      69     126 

2  60     0.3     2    17.481  0.131  0-5      68     132 
1  3     60     0.5     2    17.541  0.141  0-5 

4 
5 
6 
7 

IRAW,  UNTREATED           1 7.74  I  54.0    5-10     97     136 

1  SAMPLE  TEMPERATURE               Start:    20°C     Finish:    20°C 

1  COMMENTS 

1  Floe  Rating:               1  -  very  good 

2  -  good 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1 
1  CONDUCTED  BY                      1  REVIEWED  BY 
1                                  1 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO.     7 


1                1                                                                   1 

IDATE       I  PROJECT  DESCRIPTION                           IJOB  NO. 

1            1                                               1 
!20  Jan/87  |MOE  Water  Plant  Optimization  Study  -        1380.60 
I          lLakeview  WTP                              1 
1                                         1 

ITEST  DESCRIPTION 

iRemoval  of  Turbidity  with  Alum  and  Magnifloc  834A  Polymer  - 
1  Raw  Water  Sample  No.  2 

CHEMICAL   I 
I     |    DOSAGES    I        1 

UARl     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT 
1  NO .  1               1  RAT I NG 1 

1              1       1     iTurb.  1  Colour  1  Alk.  lHard. 
Alum    834A           pH  1 (NTU) 1 (TCU)  1 (mg/L) 1 (mq/L) 1 

1  60     0.1     4    17.561  0.151  0-5 

2  60      0.3     4    17.541  0.151  0-5      50     127 

3  60     0.5     4    17.651  0.201  0-5     68     134 

4  • 
5 

6 
7 

IRAW,  UNTREATED           I  7. 74 154.0    5-10 

ISAMPLE  TEMPERATURE               Start:    20°C     Finish:    21°C 

1  COMMENTS 

iFloc  Rating:               1  -  very  good 

2  -  good 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1 
1  CONDUCTED  BY                      I  REVIEWED  BY 

1                                   1 

Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST    NO.    8 


1               1                                                            1 

IDATE       | PROJECT  DESCRIPTION                           I  JOB  NO. 
1            1                                               1 
121  Jan/87  1 MOE  Water  Plant  Optimization  Study  -        1380.60 
I          lLakeview  WTP                              1 

1                                         1 

ITEST  DESCRIPTION 

iRemoval  of  Turbidity  with  Alum  and  Magnifloc  587C  Polymer  - 
1  Raw  Water  Sample  No.  2 

CHEMICAL 
1    1    DOSAGES    1       1 

UARl     (mg/L)    1  FLOC  1      WATER  QUALITY  AFTER  TREATMENT 
INO.  1               1  RATING  1 

1       1     iTurb. 1  Colour  1  Alk.  lHard.  1 
Alum    587C           pH  1 (NTU) 1 (TCU)  | (mq/L) 1 (mq/L) 1 

1  60      0.1     4    17.701  0.291   <5 

2  60     0.3     4    17.631  0.251   <5 

3  60     0.5     4    17.771  0.211   <5 

4  «l 
5 

6 
7 

IRAW,  UNTREATED           I  7.74 154.0    5-10     97     136 

ISAMPLE  TEMPERATURE               Start:    21°C     Finish:    21°C 

1  COMMENTS 

1  Floe  Ratinq:               1  -  very  qood 

2  -  qood 

3  -  poor 

4  -  very  poor 

5  -  no  floe 

1 
1  CONDUCTED  BY                      1  REVIEWED  BY 

1                                   1 

APPENDIX  E 
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APPENDIX  F 
BACTERIOLOGICAL  TEST  PROCEDURES 


BACTERIOLOGICAL  TEST  PROCEDURES 
LAKEVIEW  WATER  TREATMENT  PLANT 


Sampling  Procedure 

A  standard,  pre-sterilized  glass  sampling  bottle  is  used  for  all  bacteriological 
sampling  at  the  Lakeview  plant.  The  following  procedure  is  followed: 

1.  Run  water  to  be  sampled  for  at  least  one  minute  to  ensure  that  a 
representative  sample  is  collected. 

2.  Remove  the  cap  from  the  bottle.  The  cap  must  not  be  set  down,  and 
the  lip  of  the  bottle  must  not  be  touched. 

3.  The  sample  is  collected,  filling  the  bottle  to  the  fill  line.  The 
sample  bottles  contain  sodium  thiosulphate,  which  consumes  any 
chlorine  residual. 

4.  The  bottle  is  recapped  and  supplied  to  the  Lakeview  Water  Treatment 
Plant  laboratory  for  analysis. 

All  samples  must  be  received  and  tested  by  the  laboratory  within  48  hours. 
Samples  must  be  refrigerated  between  the  time  of  sampling  and  analysis.  Any 
samples  that  have  been  frozen  are  discarded. 

Procedure  Following  Positive  Bacteriological  Results 

In  general,  the  following  procedures  are  used  if  positive  bacteriological  test 
results  occur.  Each  situation  is  examined  individually,  and  more  action  may  be 
taken,  depending  on  the  situation. 

Positive  Plant  Effluent  Samples 

If  a  positive  count  occurs  in  the  Lakeview  plant  effluent,  the  results  are 
reported  to  the  plant's  chief  operator.  He  then  examines  the  plant  operating 
records,  such  as  chlorine  dosages  and  residuals,  to  confirm  the  operation  of  the 
disinfection  process.  An  additional  plant  effluent  sample  may  be  collected 
later  in  the  day. 


Positive  Distribution  System  Samples 

If  a  positive  count  occurs  in  the  distribution  system,  the  results  are  reported 
to  the  Region  of  Peel.  The  distribution  system  location  is  sampled  again  the 
following  day.  If  a  second  positive  sample  occurs,  the  same  location  is  sampled 
again,  along  with  two  adjacent  sample  locations. 


TERMS  OF  REFERENCE 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE 


Purpose 

To  review  the  present  conditions  and  determine  an  optimum  treatment  strategy  for 
contaminant  removal  at  the  plant,  with  emphasis  on  particulate  materials  and 
disinfection  processes. 

Work  Tasks 

1.  Receive  a  package  of  available  information  on  the  plant  from  the  HOE. 
Review  the  Information  provided  and  meet  with  the  HOE  staff  to  discuss  the 
project. 

2.  Document  the  quality  and  quantity  of  raw  and  treated  waters.  Along  with 
Work  Task  3,  send  a  progress  report  to  the  Project  Committee  at  the 
conclusion  of  this  work. 

3.  Define  the  present  treatment  processes  and  operating  procedures.  Along 
with  Work  Task  2,  send  a  progress  report  to  the  Project  Committee  at  the 
conclusion  of  this  work. 

4.  Assess  methods  of  efficient  particulate  removal  which  would  utilize  the 
present  major  capital  works  of  the  plant.  Evaluate  the  particulate  removal 
efficiency  and  sensitivity  of  operation,  assuming  optimum  performance  of 
the  plant.  Along  with  Work  Task  5,  send  a  progress  report  to  the 
Project  Committee  at  the  conclusion  of  this  work. 

5.  Assess  methods  which  would  Improve,  1f  necessary,  the  disinfection 
practices  of  the  plant,  keeping  1n  mind  a  desire  to  minimize  the  production 
of  chlorinated  by-products  1n  the  treated  water.  Along  with  Work  Task  A, 
send  a  progress  report  to  the  Project  Committee  at  the  conclusion  of  this 
work. 

6.  Describe  possible  short  and  long-term  process  modifications  to  obtain 
optimum  disinfection  and  contaminant  removal,  with  emphasis  on  particulate 
removal  and  a  desire  to  minimize  the  production  of  chlorinated  by-products. 
Meet  *ith  the  Project  Committee  at  the  conclusion  of  this  work  to  review 
the  reccrt  Information. 

7.  Prepare  7  copies  of  the  draft  report  and  submit  to  the  Project  Committee. 

8.  Review  the  Project  Committee's  comments  and  prepare  25  copies  of  the  final 
report. 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  1 


1  RECEIVE  A  PACKAGE  OF  AVAILABLE  INFORMATION  ON  THE  PLANT  FROM  THE  HOE. 
REVIEW  THE  INFORMATION  PROVIDED  AND  MEET  WITH  THE  MOE  STAFF  TO  DISCUSS  THE 
PROJECT. 

Elements  of  Work 

(a)  Receive  a  package  of  available  1nforsat1on  from  the  MOE  concerning  the 
plant. 

(b)  Review  the  Information  and  otherwise  prepare  for  a  meeting  to  Initiate  work 
on  the  project,  Including  preparation  of  a  schedule  of  manpower  and  staff 
requirements. 

(c)  Meet  with  the  MOE  to  discuss  the  available  data,  the  terms  of  reference, 
and  the  project  staff  and  work  schedule. 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  2 


2.  DOCUMENT  THE  QUALITY  AND  QUANTITY  OF  RAW  AND  TREATED  WATERS.  ALONG  WITH 
WORK  TASK  3,  SEND  A  PROGRESS  REPORT  TO  THE  PROJECT  COMMITTEE  AT  THE 
CONCLUSION  OF  THIS  WORK. 

Elements  of  Work 

(a)  Tabulate  the  dally  raw  and  treated  water  flows  for  the  last  three 
consecutive  years. 

(b)  Document  the  methods  of  measuring  the  raw  and  treated  water  flow  rates,  and 
assess  the  validity  of  the  records. 

(c)  Prepare  a  monthly  summary  of  maximum,  minimum,  and  average  flows  for  the 
three  years.  Address  any  discrepancies  which  exist  between  raw  and  treated 
flow  rates. 

(d)  Review  and  assess  the  monthly  maximum,  minimum,  and  average  per  capita  flow 
for  the  three  years.  Compare  the  plant  data  with  typical  per  capita  flows 
for  the  local  region. 

(e)  Document  a  summary,  based  on  at  least  three  years  of  data,  of  the  raw  and 
treated  water  quality  testing  data  for  physical,  microbiological, 
radiological,  and  chemical  water  quality  Information.  Document  as  much 
data  as  1s  needed  to  show  possible  seasonal  trends  1n  water  quality.  Where 
possible,  show  corresponding  sets  of  raw  and  treated  water  quality 
Information.  Document  the  source  and  methods  used  1n  determining  all  water 
quality  Information.  Assess  the  validity  of  the  data,  comparing  plant  and 
outside  laboratory  data. 

(f)  Tabulate,  for  the  last  three  consecutive  years,  where  available,  raw  and 
treated  water  turbidity,  residual  aluminum,  pH,  and  colour.  Record  other 
data,  such  as  particle  counting,  suspended  solids,  and  algae  countina, 
which  could  reflect  on  particulate  removal  efficiency.  These  data  should 
be  used  for  assessment  of  the  particulate  removal  efficiency  of  the  plant. 
Document  the  source  and  methods  used  1n  determining  all  Information.  A 
ccmoarison  should  be  made  between  the  plant  and  outside  laboratory 
Information  to  asc2rtain  the  relative  validity  of  the  data.  For  plant 
data,  emphasis  should  be  given  to  plant  laboratory  tests  rather  than 
continuous  process  control  Instruments. 


.-•ii 


(g)  Tabulate,  for  the  last  three  consecutive  years,  the  raw  water  bactar- 
test  Information  at  the  plant.  Also  tabulate  the  correspondina  treated 
watar  tests  at  the  plant  wmcn  register  positive  results.  Document  "the 
source  ana  methods  used  for  all  data  provided.  This  Information  should  be 
used  to  assess  the  effectiveness  of  the  disinfection  practices  at  the 
plant. 


WORK  TASK  NO.  2  (cont'd.) 


(h)  Identify  and  recommend  other  water  quality  concerns,  not  related  to 
particulate  removal  or  disinfection,  which  should  be  considered  is  part  of 
the  tssess3>ent  phase  of  this  evaluation  program. 

(1)  Submit  a  progress  report  to  the  Project  Committee. 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  3 


3.  DEFINE  THE  PRESENT  TREATMENT  PROCESSES  AND  OPERATING  PROCEDURES.  ALONG 
WITH  WORK  TASK  2,  SEND  A  PROGRESS  REPORT  TO  THE  PROJECT  COHITTEE  AT  THE 
CONCLUSIONS  OF  THIS  WORK. 

Elements  of  Work 

(a)  Where  drawings  are  available,  assemble  sufficient  record  drawings,  of  a 
reduced  size,  to  document  the  general  site  layout  and  the  Interrelationship 
of  major  plant  components.  If  not  already  available,  prepare  a  process  and 
piping  diagram  (PAPD)  of  the  plant  operations. 

(b)  Prepare  a  simplified  block  schematic  of  the  major  plant  components. 

(c)  Prepare  a  photographic  record  of  the  plant  facilities.  Illustrating  all  of 
the  major  plant  components  and  chemical  feed  systems. 

(d)  Tabulate  the  design  parameters  for  all  of  the  major  plant  components,  with 
emphasis  on  the  process  operations.  Including  chemical  feeds.  This 
Information,  as  a  minimum,  must  be  consistent  with  the  DWSP  Questionnaire 
and  must  be  confirmed  and  verified  by  field  observations. 

(e)  Prepare  a  brief  summary  of  how  the  plant  1s  operated,  including  chemical 
dosage  control,  such  as  Jar  testing  Information,  filter  bacJcwashlng 
procedures  and  Initiation,  and  pumping  and  flow  control. 

(f)  Document  and  assess  any  reported  problems  1n  plant  operations  and/or  1n  the 
distribution  system  related  to  water  quality. 

(g)  Tabulate  the  dally  average  chemical  dosages  for  the  last  three  consecutive 
years.  Document  the  methods  used  to  evaluate  chemical  dosages  and 
establish  the  validity  of  the  dosage  Information  provided. 

With  regard  to  disinfection,  tabulate  the  dosages  of  chlorine  and 
disinfection-related  chemicals  such  as  chlorine  dioxide.  In  addition, 
provide  corresponding  data  on  disinfectant  residuals  1n  the  plant,  such  as 
free  and  total  chlorine  residuals.  Also,  provide  chlorine  demand  tests 
where  available.  Again,  document  the  methods  of  dosage  evaluation  and 
residual  measurements,  and  establish  the  validity  of  the'data  provided. 

(h)  Submit  a  progress  report  to  the  Project  Committee. 


I 

WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY  || 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  4 

1 

4    ASSESS  METHODS  OF  EFFICIENT  PARTICULATE  REMOVAL  WHICH  WOULD  UTILIZE  THE- 
PRESENT  MAJOR  CAPITAL  WORKS  OF  THE  PLANT.  EVALUATE  THE  PARTICULATE  REMOVAL! 
EFFICIENCY  AND  SENSITIVITY  OF  OPERATION,  ASSUMING  OPTIMUM  PERFORMANCE  OF 
THE  PLANT.  ALONG  WITH  WORK  TASK  5,  SEND  A  PROGRESS  REPORT  TO  THE- 
PROJECT  COMMITTEE  AT  THE  CONCLUSION  OF  THIS  WORK. 

Elements  of  Work  . 

(a)  Using  Information  provided  1n  Work  Tasks  1  and  2,  evaluate  the  plant's 
particulate  removal  efficiency.  The  basis  of  ilnlnum  particulate  removal  . 
should  be  1.0  FTU,  which  1s  the  maximum  acceptable  concentration  of  the! 
Ontario  Drinking  Water  Objectives  (Table  1,  page  2,  Ontario  Ministry  of  the 
Environment,  Revised  1983).  It  should,  however,  be  recognized  that  1t  1s  - 
desirable  to  strive  for  an  operational  level  which  1s  as  low  a  turbidity  I 
level  as  1s  achievable. 

(b)  Conduct  an  evaluation  of  possible  optimum  performance   alternatives,  I 
Including  jar  testing  of  plant  water  samples. 

(c)  Evaluate  the  feasibility  of  optimum  removals  using  the  existing  plant  I 
capital  works.  This  evaluation  should  consider  the  worst  case  water 
quality  conditions,  even  though  field  testing  data  may  not  be  available 
during  the  Initial  phase  of  the  study  (see  Work  Task  7). 

(d)  Describe  the  operational  procedures,  management  strategies,  and  equipment 
required  for  various  feasible  alternatives.  Estimate  chemical  dosages, 
level  of  operational  expertise,  and  sensitivity  of  operation  of  the 
alternatives. 

(e)  Report  to  the  Project  Committee. 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  5 


5.  ASSESS  METHODS  WHICH  WOULD  IMPROVE,  IF  NECESSARY,  THE  DISINFECTION 
PRACTICES  OF  THE  PLANT,  KEEPING  IN  MIND  A  DESIRE  TO  MINIMIZE  THE  PRODUCTION 
OF  CHLORINATED  BY-PRODUCTS  IN  THE  TREATED  HATER.  ALONG  WITH  WORK  TASK  4, 
SEND  A  PROGRESS  REPORT  TO  THE  PROJECT  COfWITTEE  AT  THE  CONCLUSION  OF  THIS 
WORK. 

Elements  of  Work 

(a)  Using  the  Information  provided  1n  Work  Tasks  1  and  2,  evaluate  the  plant's 
ability  to  disinfect  the  water.  The  basis  of  minimum  disinfection  should 
be  to  ensure  a  water  quality  as  described  1n  the  Ontario  Drinking  Water 
Objectives  (Ontario  Ministry  of  the  Environment,  Revised  1983). 

(b)  Conduct  an  evaluation  of  possible  optimum  disinfection  procedures  for  the 
plant,  with  consideration  also  given  to  the  reduction  of  chlorinated 
by-products  1n  the  treated  water. 

(c)  Evaluate  the  feasibility  of  the  various  alternatives  using  the  existing 
plant  capital  works.  Estimate  the  Initial  and  final  levels  of  chlorinated 
by-products  for  the  various  alternatives.  Assess  the  relative  merits  of 
the  alternatives. 

(d)  Describe  the  operational  procedures,  management  strategies,  and  equipment 
required  for  the  feasible  alternatives.  Estimate  chemical  dosages,  level 
of  operational  expertise,  and  sensitivity  of  operation  '  for  the 
alternatives. 

(e)  Report  to  the  Project  Committee. 


ft 

WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY  g 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  6  * 


1 

6    DESCRIBE  POSSIBLE  SHORT  AND  LONG-TERM  PROCESS  MODIFICATIONS  TO  08TAIN 
OPTIMUM  DISINFECTION  AND  CONTAMINANT  REMOVAL,  WITH  EMPHASIS  ON  PARTICULATE! 
REMOVAL  AND  A  DESIRE  TO  MINIMIZE  THE  PRODUCTION  OF  CHLORINATED  BY-PRODUCTS.* 
MEET  WITH  THE  PROJECT  COMMITTEE  AT  THE  CONCLUSION  OF  THIS  WORK  TO  REVIEW 
THE  REPORT  INFORMATION. 

Elements  of  Work 

(a)  It  1s  not  the  purpose  of  this  study  to  provide  a  detailed  Implementation' 
scheme  for  plant  rehabilitation.  It  1s,  however,  necessary  to  scope  the 
feasible  short  and  long-term  process  modifications  required  to  achieve! 
optimum  disinfection  and  contaminant  removals.  ' 

Prepare  a  11st  of  modifications  which  should  be  considered  for  detailed] 
Implementation  evaluation.  Provide  an  estimated  cost  for  each  of  the  I 
proposed  modifications. 

(b)  Prepare  a  schedule  for  the  11st  of  modifications. 

(c)  Meet  with  the  Project  Committee  at  the  plant  site  to  review  the  proposed 
modifications. 
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TERMS  OF  REFERENCE  -  WORK  TASK  NO.  7 


7.   PREPARE  7  COPIES  OF  THE  DRAFT  REPORT  AND  SUBMIT  TO  THE  PROJECT  C&WITTEE. 
Elements  of  Work 

(a)  The  report  nust  Include  all  the  Information  reported  previously  1n  the 
study.  The  Information  nust  be  organized  and  presented  1n  a  logical  and 
co-ordinated  fashion. 

A  general  table  of  contents  will  be  provided  for  organizing  the  »ater1al  1n 
a  Banner  consistent  with  other  plant  reports. 

(b)  Submit  the  draft  report  to  the  Project  Cormlttee  for  review. 

(c)  Prepare  a  separate  letter  report  containing  a  re commend at 1on(s)  concerning 
the  need  for  additional  field  testing  to  cover  water  quality  conditions  not 
available  during  the  period  of  this  study.  The  Project  Committee  nay 
decide  to  delay  completion  of  the  final  report  until  field  data  can  be 
obtained  to  confirm  the  predictions  of  performance  for  the  worst  case  water 
conditions. 
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TERMS  OF  REFERENCE  -  WORK  TASK  NO.  8 


8.  REVIEW  THE  PROJECT  CCMTTEE'S  COWENTS  AND  PREPARE  25  COPIES  OF  THE  FINAL 
REPORT. 

Elements  of  Work 

(a)  Conduct  additional  field  testing  1f  required.  Discuss  the  Implications  of 
the  results  with  the  Project  Committee  1f  the  results  differ  from  the 
predicted  performance. 

(b)  Amend  the  report  as  per  review  comments,  Incorporating  additional  field 
data  1f  required. 

(c)  Submit  copies  of  the  final  reports  to  the  HOE  for  distribution. 
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